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Cytologic Studies of HeLa, a Strain of 
Human Cervical Carcinoma. III. Du- 
rations and Characteristics of the 
Mitotic Phases ?” 


Paut S. Moorneap * and T. C. Hsu, Tissue Culture 
Laboratory and Department of Anatomy, University of 
Texas— Medical Branch, Galveston, Texas 


Higher frequencies of atypical mitoses often characterize the growth of 
neoplastic cells. The degree and kind of this variation may constitute a 
pattern for a particular tumor or tumor-cell strain. Such a pattern repre- 
sents a complicated equilibrium established among the varieties of cells 
which may differ in terms of their ploidy, DNA content, or number of 
nuclei. Some of the underlying assumptions and questions involved in 
such pleiomorphism are the particular stemline relationships, the rate of 
entry of each type into mitosis, and the duration of each phase of mitosis 
and of the complete process. Information concerning these questions 
can be supplied only in part by a static sampling of such a population 
complex. Some of this information, for strains in tissue culture, can best 
be obtained through the techniques of time-lapse, phase-contrast cinema- 
tography. Individual cells may be followed from interphase through the 
entire process of division. 

The material employed, strain HeLa, is a rapidly dividing hypotetra- 
ploid stock of human epithelial cells derived from a carcinoma of the 
cervix and has a high frequency of mitotic abnormalities (1,2). It was 
thought desirable to determine the durations of the phases of mitosis in 
this strain, and, wherever possible, to make correlations with the division 
anomalies encountered. Since this strain is widely used for experimental 
purposes, information contributing to the characterization of its mitosis 
may be of value to workers using HeLa cells for experimental purposes as 
well as to cytologists in general. 


Material and Methods 


The origin and the methods of stock maintenance and of roller-tube 
culturing of our HeLa strain were presented in another publication (2). 
With a constant supply of relatively homogeneous material many phase- 
contrast cinematographic sequences of HeLa cells have been accumulated 

1 Received for publication September 12, 1955. 
3 Aided in part by a grant-in-aid from the American Cancer Society upon recommendation of the Committee 


on Growth of the National Research Council administered by C. M. Pomerat. 
3 Damon Runyon Fellow. 
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and these have yielded 88 cases of complete or nearly complete cell divi- 
sions. These cells were analyzed with respect to their more obvious 
morphologic features, the durations of their mitotic phases, and the 
anomalies exhibited. 

Only the sequences made with an 8 mm. dark-medium phase-contrast 
objective were used for analysis. In such low-power fields large numbers 
of cells may be studied, but only those cells which entered mitosis after the 
beginning of filming were analyzed in this investigation. These cells were 
considered to constitute a relatively unbiased sample. Cells found on 
analysis to be in early prophase were also considered suitable for inclusion 
as representative samples of cell division. Most of the film sequences 
were made by the authors; however, some which had been made by other 
workers in this laboratory were also included. ‘Therefore, all available 
low-power sequences of HeLa cells were analyzed. Only those sequences 
were excluded which showed signs of cell degeneration or during which 
there had been perfusion of any substance whatever. 

Individual cells were followed on the view plate of an ordinary film 
splicer-analyzer and by projection on a large screen. Frames were counted 
and the duration of each phase was computed to the nearest minute. 
Many of the sequences had been taken with a record of the time photo- 
graphed directly on the margin of each frame. Often one or both of the end 
points of a mitotic phase could not be definitely ascertained because of the 
refractivity of the cell surface, poor optical conditions, crowding and 
migration of cells, or the termination of the sequence record. High 
refractivity seemed to be especially common among the cells which 
showed some kind of aberration. In such cases it was not possible to 
observe the chromosomal events involved in the delimitation of certain 
phases. 

Essential data concerning the culture preparations from which the cells 
of this study were obtained are presented in table 1. All culture prepara- 
tions were incubated at a temperature of 35 to 37° C. and were maintained 
at this temperature during filming. 

Approximately one fourth of the dividing HeLa cells studied proved 
to be anomalous in at least one respect. However, in the 65 cells termed 
‘nonaberrant,”’ mitosis seemed to be similar to the general pattern which 
one obtains from the published descriptions of mitosis in other material. 
The term ‘‘nonaberrant,” as used hereafter, refers only to those cells 
which were free from any observable abnormality under these conditions. 


Results 





Mitosis in nonaberrant HeLa cells—The classic definitions of the mitotic 
phases are largely based upon fixed and stained material for which certain 
end points in the mitotic continuum are quite distinct. The initiation of 
anaphase is the best example. However, opinion has differed somewhat 
regarding the most useful criteria for the delimitation of many of the other 
phases. The use of film records of living preparations has the advantage 
that the events of mitosis can be reviewed repeatedly to determine the 
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TABLE 1.—Age of culture preparations used in study of 
dividing cells in ciné sequences 





Dividing cells 














| 
| Age of | 
Culture culture | 
| (days) Nonaberrant cells a 
A #5 «#8 #10 
#6 #9 
#7 #13 
| 
B 2 #20 #23 
#21 
#25 
Cc 2 #27 #30 #38 #31 
#28 #33 #39 #34 
#29 «#36 © @8©#40 
D 2 #53 #54 #61 
#59 #58 #62 
#64 #60 #63 
E 2 #93 #100 #94 
#96 = #101 #95 
#97 #102 #105 
#98 #103 
#99 #104 
F 3 _— #107 
4 _ #2 
H 4 #41 #44 #42 
#430 0—« #45 
I 4 #46 — 
#48 
J 4 #52 _ 
K 4 #126 — 
L 5 #65 #68 — 
#66 #69 
M 5 #113 #119 #132 #117 
#114 #120 #133 #122 
#115 #121 #135 #123 
#116 #124 #136 #134 
#118 #125 #137 
N 6 #77 #78 
O 8 #88 — 
#89 
iy 9 #86 a 
Q 9 #91 #90 
R 10 #13 — 
. 10 #50 _-_ 
T 10 _ | #92 
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most exact point marking the division between phases. However, phase- 
contrast ciné records do not overcome the difficulties inherent with 
certain end points, such as the end of anaphase movement of the chromo- 
some groups. This introduces variability into the measurements due to 
interpretation alone. The general estimated inaccuracy of each defined 
end point is given to permit proper qualification of the data, but where 
uncertainty was strong in the minds of the authors no figure was entered. 

During interphase the nuclei of HeLa cells may rotate or rock slightly 
without any evidence of cytoplasmic streaming (3,4). It has been reported 
that about two thirds of the nuclei entering mitosis exhibit rocking or 
rotating movements before prophase (4). Fell and Hughes (5) stated 
that nuclear rotation is often observed during prophase of mouse cells in 
tissue culture. In certain time-lapse films of other living human cells 
the spindle, together with the chromosomes on the equatorial plate, has 
been seen by the authors to rotate markedly. 

Prior to any detectable nuclear events of prophase, there usually occurs 
a retraction of the cytoplasmic extensions of the cell. This cytoplasmic 
retraction is most evident in cells from the marginal zone of outgrowth 
where there is little crowding. Such a preliminary withdrawal of the 
extended processes was noted in early observations upon dividing cells in 
tissue culture (6,7). Lewis and Lewis (8) considered this process as part 
of their working definition of prophase. Strangeways (7) stated that 
retraction occurred 2 to 10 minutes before prophase in choroid cells of 
the chick. 

In this study, some cells exhibit nuclear evidence of prophase before 
retraction but this is restricted to those cells closely appressed to one 
another. Some rounding of the dividing cell is almost invariably seen. 
Where the cells are not closely packed, the film analysis permits one to 
determine the instant of initiation of retraction. The interpretative 
error involved is estimated to be about 1 to 2 minutes. In the HeLa 
cells there is considerable variation in the duration of this period (ef. 
table 2) and the average duration of the retraction period for 32 non- 
aberrant cells was found to be 20 minutes. 


TABLE 2.—Durations of mitotic phases of nonaberrani cells (time in minutes) * 




















Cell Retrac- Pro- | Meta- Ana- Telo- and Total | Cyto- 

tion phaset | phase phase | post-phases, mitosis | kinesis 
#5 — 12 2 | #7 — — 3 
#6 — 18 37 10 61 126 8 
#7 0 26 40 | 9 | 9 | 170 | — 
si = 24 — | 6 | 6 | 16 | 4 
#9 | 0 9 | 54 | UW | — | 185 12 
#13 | — | 23 | 31 | 14 | 55 | (123 8 
#15 | — | 50 | Jt | 14 61 | «6138606 | 
#20 17 | 24 | 20 — | — — | Ul 
#21 | i2 | 14 | 14 | 10 | ~~ 129 179 8 
#25 7 | = -— | om 1 26 78 | 9 

| 32 

#27 27 — —_ 14 97 226 14 
#28 — — 54 6 77 —_ 12 
#29 | 0 | 20 | 113 > | 82 | 227 | 16 
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TaBLE 2.—Durations of mitotic phases of nonaberrant cells (time in minutes)*—Contd. 









































Cell | Retrac- | Pro- | Meta- | Ana- | Telo- and Total Cyto- 
tion | phasef phase | phase | post-phases| mitosis | kinesis 
#30 — | 2 | 48 | 8 | 406 wo sn 
#33 10 | 56 | 52 | 9 | 94 — — 
#36 92 ; 39 | 7 | 145 | — 16 
#38 — 66 — ; — | | = — 
#39 13 42 | §2 8 235 | 350 _ 
#40 — — 133 | 8 ~- — _ 
#41 27 39 72 | 14 — | — — 
#43 — 17 | 56 7 151 | (146 12 
66 
#44 — | 46 46 | 12 as | — 9 
#45 — 41 7% ~—(|CCO27 —- | — 13 
#46 — 35 3 | — - 180 -- 
#48 5 30 i21 | — — 200 — 
#50 9 50 | 616 | 7 40 132 14 
#52 2 | «685~«(||lChCU6sl CU] mo - ‘os = 
#53 — 68 | 30 | 9 28 105 — 
#59 6 12 | 116 10 33 177 — 
#64 10 6 — — — 156 13 
#65 —- | — 88 12 97 — 47 
#66 133 37 | 60 13 -- _ — 
#68 7 5 | 120 9 126 — 
#69 6 37 | 48 9 27 126 10 
#77 — — | 2% 3 — = 11 
#86 4 28 | 31 2 24 89 8 
#88 — 31 | 31 6 47 115 7 
59 
#89 “ 39 | 37 7 | 429 112 10 
#91 2 12 | 104 6 | 72 — — 
#93 | — | 8 | 28 we 8 
#96 8 16 — 9 | 27 82 11 
#97 | 23 30 15 5 31 104 — 
#98 | 0 29 25 12 | 29 94 13 
#99 17 67 5 | 62 150 — 
#100 | 34 | 24 4 47 112 — 
“01 | 14 yf | a — 270 32 
#102 | 28 10 |; 2 | 4 | 46 119 — 
#103 | 77 34 | 0380 || 6 | 8809 456 19 
#104 | et 5 | 8 | 12 | 51 152 — 
#113 | 38 3 | 8 | 83 142 3 
#114 25 — | — | 52 101 14 
#115 | 3 — — | — | 45 100 14 
#116 2 2}; — | — | 115 142 8 
| | | 100 
#118 | 30 | — | — | -— — _ 
#119 26 _ — | 2 355 — 
#120 | 21 — | — | 25 | 66 _ 
#121 | 6 os - p= | — | @g 5 
#124 | 34 — —- | — — 143 15 
#125) —_ j — oe — | 361 9 
#126 | — 30 | 60 | 4 | — | — — 
#132 | (1 — — 11 | 128 | 228 8 
#133 «| 389630 21 17 | 10 | 177 | 255 6 
“aj — — — | — | 197 | 462 7 
107 
#136 | 49 42 | 9g 158 | 207 14 
| | 107 | 
#137 | 48 an — | 274 8 








*~—=Not clearly observable in the film Sequences because of various obscuring factors or the termination of the 
Sequence; 0=beginning of cytoplasmic contraction coincided with beginning of first observable evidence of 
prophase. 


t=Includes prometaphase. 
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The beginning of prophase in this study was marked by the first 
evidence of disintegration of the “nucleolus” or by the appearance of 
the chromosomes, whichever occurred first. Usually the nucleolar break- 
down was the prior event. Individual determinations of the beginning 
of prophase are estimated to be in error by no more than about 2 minutes. 
Characteristically, in the nucleolar changes, fragments seem to separate 
from the main nucleolar mass and concurrently the chromosomes become 
more and more manifest. When the chromosomes have become strongly 
condensed and begin the prometaphase congression, the nucleolar mem- 
brane disappears and its former position is marked by the cytoplasmic 
elements and other inclusions which seem pressed against the semisolid 
contents of the former nucleus. The duration of prometaphase itself has 
not been measured, since the instant of breakdown of the nuclear mem- 
brane or the exact time of the congression of chromosomes upon the plate 
was quite difficult to determine. Prometaphase, therefore, has been 
included with prophase for our purposes. The average time required for 
prophase, computed up to the arrangement of the chromosomes upon 
the equatorial plate, for 41 nonaberrant HeLa cells was found to be 30 
minutes. In the computation of the mean duration of a phase no values 
were included which were derived from cells not observable over that 
entire phase. 

The amount of total variation encountered can best be appreciated by 
reference to the histogram of text-figure 1. 

Metaphase is considered to begin with the arrangement of the chromo- 
somes upon the equatorial plate and to end with the separation of the 
daughter chromosomes. Usually there is a short period in early meta- 
phase during which the chromosomes are seen in radial aspect. This has 
been observed in other material. Fell and Hughes (5) stated that this 
“radial” phase is characteristically present in dividing chick fibroblasts 
but occurs only occasionally in mouse cells. The spindle rotates there- 
after so as to present an edge view of the metaphase plate. This rotation, 
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TEXtT-FIGURE 1.—Histogram representing frequency distribution of HeLa strain cells 
for the duration of prophase. 
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resulting in the long axis of the spindle becoming parallel to the plane of 
the cover glass, is presumably enforced upon the spindle by the partially 
flattened shape of the cell as it adheres to the glass surface or to adjoining 
cells. The same interpretation was made by Hughes and Preston (9). 
This would suggest that the spindle must achieve a certain rigidity before 
rotation can occur. 

During metaphase the chromosomes are seen to oscillate individually 
as though there were variations in the opposing tensions of the spindle 
fibers. These oscillations seldom reach the amplitude attained in certain 
abnormal cells which show derangements of the spindle after an earlier 
‘normal’? metaphase period (10). 

The error in determining the beginning of metaphase is estimated to 
range from 2 to 4 minutes. The average duration of metaphase com- 
puted from 46 nonaberrant HeLa cells was determined as 52 minutes 
(table 2, text-fig. 2). 

Only the movements of the chromosomes have been considered in the 
definition of anaphase. The initiation of anaphase is almost always 
sudden and synchronous, permitting determination of this end point with 
error of no more than 1 minute in most cases. Rarely one pair of chro- 
matids will separate precociously and proceed independently toward the 
poles. Lagging chromosomes occur in HeLa also, but in most of the 
cases observed with higher-power optics the laggards eventually were 
seen to reunite with the other chromosomes. Hughes (11) has reported 
similar cases of lagging chromosomes in chick cells treated with sodium 
flouride wherein he states, ‘ . . . in the examples seen during life, the 
delayed chromosomes always caught up with the others before cleavage.” 

Bubbling of the cytoplasm ordinarily begins during early anaphase and 
in some instances continues into telophase. However, this bubbling or 
blebbing is often entirely absent. The nonaberrant HeLa cells were 
found to have a 9-minute average for anaphase. There were 47 non- 
aberrant cells used to determine this average (table 2 and text-fig. 3). 
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TEXT-FIGURE 2.—Histogram representing frequency distribution of HeLa strain cells 
for the duration of metaphase. 
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TEXT-FIGURE 3.—Histogram representing frequency distribution of HeLa strain cells 
for the duration of anaphase. 


A more detailed investigation of anaphase movements in various 
mammalian cells, including 16 HeLa cells, has been completed by one of 
us (TCH). In HeLa also, Hsu (1/2) found that anaphase sometimes 
clearly shows the two-stepped character described by Ris (13). How- 
ever, very often there may be no such pattern in the curve of anaphase 
separation. In fact, HeLa cells seem to be more highly variable in this 
respect than are the other mammalian cells which have been studied. 

The beginning of cytokinesis, as well as the limit of the process of 
constriction, has often been used as a criterion in studies of mitosis. 
Perhaps cytokinesis has been employed so frequently because of the 
greater refractivity of the dividing cell, which hampers the clear observa- 
tion of chromosomal events. In HeLa, cytokinesis usually begins 1 to 4 
minutes following the separation of the chromatids, but occasionally it 
has been seen to begin while the chromatids were still associated on the 
equatorial plate. Likewise, cytokinesis may fail to begin until the 
chromosomes have already reached the poles. The limit of constriction 
is usually regarded as the end of the process, although the cells may still 
be connected by a thin strand of cellular material. This condition may 
be reached before anaphase movement is complete or it may be reached 
in telophase, as defined by the cessation of movement of the daughter 
chromosomes. Such a dissociation between cytoplasmic and chromosomal 
events was also noted in connection with the cytoplasmic retraction 
process. The separation of anaphase from both metaphase and telophase 
is therefore effected solely by reference to the movement of the chromo- 
somes. 
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Considering cytokinesis apart from the phase definitions, the average 
duration measured from the first evidence of a furrow to the limit of 
constriction for 40 nonaberrant HeLa cells was 12 minutes. The error 
from interpretation of the film may have been as high as 4 minutes in 
the case of cytokinesis, since there was considerable latitude in determina- 
tion of the first evidence of a furrow. 

By the time cytokinesis is complete, cytoplasmic bubbling, if present, 
has begun to subside. Occasionally it may persist in one of the daughter 
cells, even until the other has assumed the flattened appearance of inter- 
phase. In many cases, the rounded daughter cells formed by division 
separate slightly just at the end of cytokinesis and the Flemming body can 
be observed quite distinctly as a minute biconical structure strung between 
the daughter cells by the persistent strand of cytoplasm (1/4). 

Telophase is considered to begin with the cessation of poleward move- 
ment by the chromosome groups. The error involved in the determina- 
tion of the beginning of telophase may have been as high as 4 minutes in 
some cases. However, here, as in all determinations, no reading was 
entered as a datum where the error was estimated to be large. 

As the chromosomes reach the pole a negative image ot what is probably 
the centrosome is formed by the semicircular arrangement of the centro- 
meric parts of the chromosomes. Telophase then involves the loss of 
optical density by the chromosomes and the loss of their individuality as 
they appear to merge. Telophase is ordinarily regarded as complete 
with the formation of nuclear membranes in the daughter cells. Un- 
fortunately, the observation of this event was seldom reliably observable 
in our material. 


Following the formation of the nuclear membranes an extensive period 
of time elapses during which both nuclear and cytoplasmic processes 
continue toward the interphase state. For this reason we term the period 
between nuclear membrane formation and the beginning of interphase as 
the postphase. Similar periods of reconstruction have been variously 
defined (6,8,15). Warren Lewis (personal communication) applies the 
term “telophase” to the entire period between anaphase and interphase. 

Immediately following nuclear membrane formation the nuclear ap- 
pearance is easily distinguishable from that of typical interphase. This 
distinction is gradually lost as the nucleoli undergo an increase in both 
density and sharpness of outline. In tissue-culture material the return 
of the daughter cells to an interphase condition is marked also by the 
extension of “pseudopodia,” resumption of ruffle membrane activity, as 
well as by the high density of the nucleolar bodies. Since there is no 
sharp distinction between postphase and interphase, there is, of course, 
considerable error of interpretation—an estimated 8 to 12 minutes. 
However, it is felt that this does not completely vitiate the value of these 
durations as determined from the photographic record. 


The end of postphase was usually determined on the basis of only one 
of the daughter cells. Where both cells were clearly observable on reach- 
ing interphase, two figures are given (tables 2 and 3). The average dura- 
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TEXT-FIGURE 4.—Histogram representing frequency distribution of HeLa strain cells 
for the duration of telophase and postphase together. 


tion of this whole interval, telophase and postphase considered together, 
for 46 nonaberrant HeLa cells was 86 minutes. These 46 mitoses yielded 
52 daughter cells which were measurable (cf. text-fig. 4). Where both 
daughter cells were measurable for this period, it can be noted that often 
one of the daughters may have preceded the other by as much as 1 hour 
(tables 2 and 3). 

Mitosis in aberrant HeLa cells —As Hsu (2) has noted, multipolarity is 
the most common and the most easily recognized abnormality in material 
such as HeLa. Other more transient aberrations encountered in the course 
of this study were the production of microcells at division and the occur- 
rence of reunion of daughter cells, termed telo-reduplication (10). Hsu 
(2) found that lagging chromosomes and the production of micronuclei 
were uncommon in cells of the HeLa strain. No obvious cases of these 
two anomalies were detected during this study. 

Twenty-three cells are listed as being aberrant (table 3), and all but two 
of these involved some aberration of mitosis. Cell #134 was included 
with the aberrants because of its extremely large nucleus. This nucleus 
was approximately three times the usual size and would be expected to be 
of very high ploidy. Its division, nonetheless, was quite uneventful. 
It developed a normal bipolar metaphase plate which yielded two daughter 
cells. The other cell which was listed as aberrant but which showed no 
aberration of division was cell #23. In this cell three nuclei fused into one 
equatorial plate and completed a “‘normal’’ mitosis which resulted in two 
daughter cells. The observation of the number of nuclei in the daughters 
formed by each of these two divisions was obscured by neighboring cells. 
The time required for division in each instance was not remarkable except 
that the duration of total mitosis of one (#23) was somewhat longer than 
the average for nonaberrant cells. 

The 14 cells comprising the multipolar group are (1) those which were 
distinctly observed to be multipolar (tripolar) and (2) those which were 
so refractive at metaphase that the number of plates could not be deter- 
mined but which subsequently produced three or four daughter cells 
(tables 3 and 4). Cell #63 produced four daughters and was placed in the 
multipolar group for our purposes, even though its actual equatorial 
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TABLE 3.—Duration of mitotic phases of aberrant cells (time in minutes) * 




















| | | Telo- | 
x1) | Retrac- | Pro- | Meta-) Ana-| and | Total | Cyto-| : 
Cell | tion |phaset phase | phase | post- | mitosis | kinesis Aberration 
| phases | | 
| } 
at lio lt 6 eee Multipolart 
#10 3 | 51 | 12 | 14 | 7 | 153 | 20 | Multipolar 
| we 
wi| #7 ~—i| 59 | 8 | 199 | 313 | 47 | Multipolar 
#34) — 49 | 197 | 6 111 | 363 | — Multipolar 
ss; — | — | 66 | 10 | 70 | — | — | Multipolar 
#61 16 | 49 — —_;ij—_— — 12 Multipolar 
#62 | —_ |j— —/|— — /|1,4 4+ 60 Multipolar 
| 25 
#63; — | — _ _ — | 5845 12 | Multipolar 
#92; 54 | 20 | 72 | 7 55 | 208 | — Multipolar 
#94 | ,— fo fi —_ | — 23 Multipolar 
#107 — | — |186% |} 11 —- ;j —- 4 Multipolar 
#17; — |— | — |— | — | 87 | 9 | Multipolar 
#122 31 9 10 | 178 | 228 24 Multipolar 
27 | 13 | | | | 
| | 
#123 | - —|— | — — | 131 19 Mulipolar 
#23 1 =~} @Si- — | 226 11 Trinucleate§ 
#42); — Ssi-i- —_|{|+— — | Microcell formed i 
#78 — — — |— — —, 7 Microcells formed § 
#105 | 44 40 108 17 88 | 297 12 Microcells formed 4 
#60 — — — — — |1,125+; — Microcells formed** 
#90 — — | — = -— 477 —- | Telo-reduplication ¢ +t 
#54 — 58 — — — 350+) — | Telo-reduplicationft{ 
“cust coe ee: — — — 383+| 42 Telo-reduplication ff 
#134 60 — — — 144 — | Giant nucleus§§ 








*—=Not clearly observable in the film sequence because of various obscuring factors or the termination of 
the sequence. 


t Includes prometaphase. 


t See table 4 for details concerning multipolar cells. 

§ Metaphase plate is bipolar and two daughter cells result. 

Microcell buds off and disintegrates. 

{ Microcells formed and resorbed. 

** Microcells formed and resorbed. Cell is very large, refractive, hyperactive, and shows peculiar bubbling 
at surface throughout. 

tt Cleavage fails with nuclear restitution following. 

tt Daughter cells reunite. Cell #95 dies. 

§§ Neither metaphase plate nor nuclei of daughter cells clearly observable. 


plate was seen to be bipolar during metaphase. This is a somewhat 
unusual case which may have some relation to certain abnormal conver- 
sions of bipolar plates into plates with a higher number of poles. In one 
example the bipolar plate was observed to bend gradually into a V-shaped 
tripolar plate and then the cell divided into three daughter cells (16). 
Increases in pole number up to six or more have been recorded cinemato- 
graphically (10). 

In HeLa there sometimes occurs a fusion of daughter cells near the 
end of cytokinesis. This process produces a binucleate cell and is regarded 
by Beams and King (17) as a principal mechanism of formation of binu- 
cleate cells in regenerating liver of the rat. However, the possibility of 
fusion of the nuclei in such cases is not excluded. Such an increase in 
cell ploidy effected by a departure from the normal course of mitosis 
during telophase is described by the term “telo-reduplication” (10). 
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Telo-reduplication by fusion or by an apparent suppression of the process 
of cleavage occurs in normal mouse tissue (5) and in many malignant 
cell strains (18-20). This phenomenon seems to be correlated with multi- 
polar division in HeLa cells (table 4). There were 9 cases of telo-redupli- 
cation encountered during this study, and 6 of these occurred between the 
cell products of a multipolar division. A similar relation was found by 
Hirono (20) in his study of abnormal divisions in the Yoshida sarcoma. 
In cell #63 there were two separate instances of telo-reduplication among 
the 4 daughter cells. Another case of ‘“‘two-by-two”’ telo-reduplication in 
a tumor cell was described by Nakahara (19). 

Binucleate cells of the HeLa strain were noted to have a high tendency 
to be multipolar, as defined by actual observation of the spindle or by the 
occurrence of more than two daughter cells. In a binucleate cell, the 
simultaneous entry into mitosis of each nucleus may occur with a subse- 
quent fusion into one equatorial plate (cell #122, table 3). This has 
frequently been seen in time-lapse sequences of HeLa cells and in other 
material (5). That multinucleation must lead to multipolar division is 
not necessarily true as evidenced by cell #23 (table 3) whose division has 
been described. Cell #63 (table 4) likewise was binucleate but was seen 
to produce a bipolar equatorial plate. As noted, cell #63 produced 4 
daughter cells which underwent “two-by-two” fusion. Seven of the 14 
cells regarded as multipolar (table 4) were originally seen to be binucleate 


TABLE 4.—Observations concerning multipolar cells 





Nuclea- 








Cel] | Observed | tion of be arr Bubbling | Telo-reduplication and other 
polarity original | ing cells | 2t division anomalies 
cell aces 
#2 Tri- Uni- — No 
#10 Tri- Uni- 3 No Telo-reduplication involving 
two cells. 
#31 Tri- Bi- 3 No Cytokinesis started 26 min. 
before anaphase began. 
#34 — Uni- 3 No 
#58 Tri- Uni- 3 | No | 
#61 --- Bi- 4 Yes Microcells budded off. 
#62 _ — 4 No Telo-reduplication involving 
three cells. Microcells 
| budded off. 
#63 Bi- Bi- 4 No Telo-reduplication (2 cases) 
| involving two cells in each 
case. Microcells budded off. 
#92 Tri- Bi- 3 No One daughter cell—extremely 
| large. 
#94 —_ _— 3 No Telo-reduplication involving 
three cells. Resulting cell 
trinucleate. 
#107 Tri- Uni- | 3 Yes Telo-reduplication involving 
two cells. 
#117 — | Bi | 3 No 
#122 Tri- Bi- 3 No Telo-reduplication involving 
| two cells. 
#123 — Bi- | 3 No Nuclei very unequal in size. 
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and 5 cells had only 1 nucleus. There were two cells for which the 
number of nuclei could not be determined. 

Fell and Hughes (5) observed the fate of six binucleate cells from normal 
mouse tissue through complete division. In every case there was a fusion 
of the nuclei into one metaphase plate. In each of three cells a single large 
nucleus resulted and one of these was followed through the next division 
where again a large mononucleus resulted. In each of the other three 
cases of binucleation there resulted a single binucleate cell of higher ploidy 
by telo-reduplication. 

A proper clarification of the relations between binucleation and multi- 
polar spindles must ultimately depend on events concerning the centro- 
somes. 

Apart from the multipolar cells, there were four cells (#42, #78, #60, 
#105) which produced microcells at division (table 3). This aberration 
is not to be confused with the cytoplasmic blebbing characteristic of ana- 
phase and telophase. As cleavage progresses, these microcells arise by a 
budding from the daughter-cell mass. Such microcells are about one 
sixth or less the diameter of the daughter cells and do not arise from the 
main pattern of cleavage. These microcells do not seem to include any 
chromosomes, although this point is not critically observable. Very often 
a microcell degenerates shortly after its formation in a violent display of 
bubbling, when viewed at the accleration of movie projection. The im- 
mediate resorption of the microcell by one of the daughter cells sometimes 
occurs. 

Among the multipolar cells there were three incidents of microcell 
formation. These involved cells #61, #62, and #63 (tables 3 and 4). Two 
of these cells were seen to be binucleate prior to their division and the 
nucleus (or nuclei) of the third cell could not be well distinguished. Each 
of these three cells produced four daughter cells, a relatively rare event. 
All three cells, as well as cell #60 which has already been discussed, were 
from the same culture preparation (table 1). This suggests the possibility 
of a common factor related to some variation in the condition of the cul- 
ture. However, speculation might also be directed to the possibility of 
common cell parentage. Some support is given the first possibility, since 
the culture (D) was only 2 days old, and it has been found that multipolar 
divisions in 2-day cultures are about 4 times as common as in cultures 
8 or more days old (2). 

Reference to the histograms of text-figures 1 to 5 will confirm the fact 
that the aberrant cells display an enormous scatter. In spite of this 
variability some conception of the general duration of each of the phases 
can be obtained by consideration of the mean values. The average time 
by which cytoplasmic retraction preceded prophase was 24 minutes (5 
cells); for the duration of prophase, 48 minutes (8 cells); for metaphase 
duration, 77 minutes (10 cells) ; for anaphase duration, 9 minutes (9 cells) ; 
for cytokinesis duration, 25 minutes (14 cells); for telophase and post- 
phase combined duration, 110 minutes (7 cells). It should be mentioned 
that one of the two nuclei of cell #122 reached metaphase 4 minutes 
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TeExtT-FIGURE 5.—Histogram representing frequency distribution of HeLa strain cells 
for the duration of total mitosis. 


before the other but the two plates fused, and anaphase separation was 
simultaneous for all the chromosomes (table 3). Also, in the computation 
of the time for cytokinesis these 14 cells provided 16 values, since in 2 
multipolar cells there were 2 distinct cleavage planes (table 3). 


Discussion 


In HeLa there seems to be a positive correlation between increased 
duration of mitotic time and aberrancy. In every phase, excepting ana- 
phase, the duration was greater for those cells which were either multi- 
polar or showed some other anomaly (table 4). This is, of course, a 
comparison of the averages only. The aberrant cells tend to require more 
time in general, but from text-figures 1 to 5 it can be seen that there are 
representatives of the aberrants even at the shorter duration periods. 
Hirono (20) and Lewis and Lewis (8) reported that tripolar cells require 
more time for mitosis than do bipolars. Lambert (18) found that rat 
sarcoma cells require a longer time in mitosis than rat connective (normal) 
cells. Fell and Hughes (5) found that the binucleate cells from normal 
tissue of the mouse which showed telo-reduplication required more time 
in mitosis than did those of the medium mononucleated and large mono- 
nucleated categories. Considering the nuclear size to be indicative of 
the degree of ploidy, Fell and Hughes (5) also found that the mononu- 
cleated cells with large nuclei showed greater variation in duration values 
than those with medium-sized nuclei. Makino and Nakahara (25) re- 
ported that increased time for mitosis is associated with larger size of 
nucleus. These workers obtained a consistent increase in duration with 
increase in size of nucleus, even though this result was based upon only 
a few cells (25). 

In HeLa, some multipolar cells (presumably of high ploidy) required 
only very short periods for the completion of mitosis (cells #10 and #117, 
table 3). Further, for any one cell no generalization seems applicable 
in regard to the phase durations. Cell #122 (binucleate) had two very 
short metaphase durations and yet the durations of the other phases 
were not far from average (table 3). Among the multipolar and other 
aberrant-cell groups no consistent increase or decrease in the duration 
of any particular phase was found. However, the number of available 
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aberrant cells for any one phase was too low to permit exclusion of the 
possibility of such relationships. 

Originally it had been expected that this study might reveal positive 
correlations between the durations of the phases. It was thought that 
cells which were unusually delayed in the completion of one step of 
mitosis would probably be delayed in the other steps. Only one such 
correlation was found to exist. A positive correlation coefficient (r) of 
+0.57 was obtained between metaphase duration and cytokinesis duration 
for nonaberrant cells. The 7 value fell to +0.47 upon inclusion of the 
six aberrant cells with usable values for these two periods. This great 
variability of the aberrant cells of HeLa perhaps indicates a generalized 
disturbance of mitosis. 

No significant correlations were obtained in any other direction: pro- 
phase versus metaphase; retraction period and prophase combined versus 
metaphase; retraction period and prophase combined versus telophase 
and postphase combined; metaphase versus telophase and postphase 
combined. In each case the inclusion of the multipolar and other aber- 
rant duration values tended to lessen the insignificant positive correlation 
coefficients. 

The average duration of mitosis for all the HeLa cells is 192 minutes 
(57 cells). Most of the HeLa cells completed their mitoses in 80 to 230 
minutes, as may be seen from the histogram of text-figure 5. This range 
is large, relative to those shown in table 5. The chick cell was estimated 
by Lewis and Lewis (6) to require 2 to 3 hours for complete mitosis. This 
estimated range was based upon a definition of total mitosis comparable 
to that used herein for HeLa. The range of the values for duration of 
total mitosis in HeLa cells is also slightly greater than that given for the 
rat sarcoma cells (table 5). 

A tabular summary of some of the early work on the durations of the 
mitotic phases was made by Lewis and Lewis (6). From various sources 
(6,15,18,21,22) mitotic durations were arranged to permit comparisons. 
With no attempt to review the entire subject, data from some later pub- 
lications (5,7—9,23-26) have been added to form table 5. Table 5 illus- 
trates some of the difficulties of generalization concerning mitosis times. 
An attempt was made to simplify the information by using averages or 
average ranges with the exclusion of all partial-phase values. Partial- 
phase values are those obtained from observations which did not embrace 
the entire phase in question. Partial values were retained, however, 
where other information was meager. Most of the durations shown are 
mean values computed to the nearest minute. These were derived from 
the complete phase durations only, taken from the original data of the 
authors cited. In some cases the original author’s estimated range for a 
phase is presented. To avoid overcomplicating the table the number of 
cells involved for each average is not indicated, except where only 1 to 3 
cells were available. The figures from Strangeways’ work (7) are notable 
in that each was derived from 30 to 40 cells. Comparable numbers were 
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TaBLE 5.—Duration in minutes of variously defined mitotic phases. Figures represent 
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involved in the determination of mean duration figures for the nonaberrant 
HeLa cells. 

All the studies listed in table 5 represent observations upon living cells 
except for those of Knowlton and Widner (23) and Wright (24). Knowl- 
ton and Widner derived mitosis duration values from fixed and stained 
tissues of the mouse. The range in minutes shown applies to seven differ- 
ent tissues with the exclusion of one variant, adrenal tissue (14 minutes). 
Similarly, Wright (24) derived the duration of the phases of mitosis for 
chick fibroblasts originally grown in tissue culture. In his study the telo- 
phase is considered to require 5 minutes and all other phase durations were 
computed from this “‘constant.”’ 

As a control for the effects of tissue culturing itself, Lewis and Lewis (6) 
obtained time data for living cells of the chick amnion observed in situ. 
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averages or average ranges. 
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Asterisk (*) indicates values derived from only 1 to 3 cells. 
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They found no essential differences between these parallel studies (table 5). 
Likewise, the total duration in minutes as measured by Clark (1/4) is not 
appreciably different from the other amphibian values if allowance is made 
for the fact that postphase is included in his concept of complete mitosis. 
Clark studied a field of cells in the intact tail of the tadpole for 23 days, 
during which time 14 divisions were seen. 

The fact that mitosis requires a much shorter time in the chick material 
than in the amphibian is probably due to the higher incubation tempera- 
ture of the former. Temperature has long been recognized as affecting 
the duration of mitosis. In a recent study, Makino and Nakahara (25) 
obtained approximately twofold differences in mitotic duration from a 
temperature difference of about 5° C. in MTK-1 sarcoma and Yoshida 
sarcoma cells. 
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The frequency of multipolar cells occurring among the 88 cells of this 
study was 18 percent. This figure is not inconsistent with Hsu’s (2) find- 
ing that the frequency of multipolar metaphases fell from about 40 percent 
in 2-day cultures to about 10 percent in 8-day cultures and maintained 
this approximate level up to a culture age of 24 days. In the present 
study the cultures contributing most of the cells were 2 and 5 days old 
(table 1). Considering the relatively small numbers of cells of any partic- 
ular culture age, conclusions concerning the effects of age of culture do not 
appear warranted. 

It should be pointed out that the results obtained by Hsu (2) from 
studies of fixed HeLa material indicated quite significant differences in 
mitotic index, incidence of multipolarity, and prophase duration between 
the younger (2-6 days) and the older (8-24 days) cultures. These differ- 
ences were probably due to the trauma of cutting as well as to the changing 
conditions of the clot and the fluid medium. 

The prophase coefficients (prophases divided by metaphases) obtained 
by Hsu (2) for cultures 2 to 6 days old range from 0.259 to 0.314. A com- 
parable computation of the prophase coefficient from the observed dura- 
tions of prophase and metaphase obtained here yields a value of 0.590. 
From the discrepancy between these values we may conclude that approxi- 
mately the first half of prophase is not ordinarily recognizable as such 
from the fixed and stained preparation. 

It would not be far amiss, then, to double our estimates of prophase 
obtained from fixed material in order to gain some idea of the length of 
prophase. Timonen and Therman (27) discovered that the prophase 
of malignant tissues is generally represented by fewer cells than is the 
prophase of nonmalignant tissues. Their work involved the study of a 
number of malignancies of the female genital tract and normal prolifera- 
tive endometrium. For normal tissues they concluded that the durations 
of metaphase and prophase are roughly equivalent. From our comparison 
of the analysis of living cells and the analvsis of fixed cells, we may reassess 
their estimated duration of prophase in normal tissue to be about twice 
that of metaphase. 


Summary 


Living cells of the HeLa strain were used in the making of time-lapse, 
phase-contrast cinematographic sequences. From these a total of 88 
complete cell divisions were analyzed with respect to the durations of the 
mitotic phases and the aberrations present. 

A generalized account of mitosis in HeLa is given and the definitions 
of the phases are discussed with the proposed addition of a “‘postphase.”’ 

There were 65 cells with no aberrations. There were 14 cells termed 
multipolar and there were 9 cells with various anomalies. With some 
exceptions, an association was found between multipolarity and multi- 
nucleation. Also an association was found between multipolarity and 
daughter-cell fusion. 
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The durations of those phases which were analyzable were computed 
to the nearest minute. A considerable spread was found in all phases. 
The average duration for each phase was longer for “aberrants” than for 
“nonaberrants.”” There was greater variability in the duration values of 
the “aberrants.”’ 

The average duration for total mitosis in “nonaberrants” (45 cells) 
was 168 minutes and in “‘aberrants”’ (12 cells) 264 minutes. The average 
for all cells together was 192 minutes. Most cells completed division in 
80 to 230 minutes. 

A positive correlation was found between the duration of metaphase 
and the duration of cytokinesis in the “‘nonaberrants.”” No correlations 
were found between any of the other phases. 
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Chromosome Analysis of a Human 
Ovarian Cystocarcinoma in the Ascites 
Form! 


Eva Hansen-MELANDER, Stic KULLANDER, and 
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Gynecology, Lund, Sweden 


The present paper concerns chromosome studies with human tumors, 
and represents a continuation of similar work with mouse and rat tumors 
carried out at the Cancer Chromosome Laboratory, Lund, Sweden. 
Since the success of this work with animals has been highly dependent 
upon the ascitic condition of the tumors, it was thought that human 
ascites tumor cells as well could be more readily studied than the ceils of 
solid tumors. A preliminary study of ascites fluid fixations in cases occur- 
ring at the Clinic of Obstetrics and Gynecology during the fall of 1954 
showed this to be the case. In general, chromosomes in the ascites tumors 
were far more easily studied than in solid tumors; great differences in this 
respect were encountered, however, between different ascites tumors. 
The present case was one of the most favorable, permitting a detailed 
chromosome analysis. 

It seems important to consider the karyologic data in relation to the 
general clinical and pathologic properties of each tumor. As data accu- 
mulate from different tumors, it may be possible to obtain information 
about correlations between these two fields. 


Case Report 


A. N., a female, 52 years of age with menopause since the summer of 1952, had ir- 
regular vaginal bleeding in April 1953. In November she observed a growing circum- 
ference of the abdomen and at consultation a large tumor was palpable in her lower 
abdomen. Laparotomy was performed on November 20, 1953. The tumor was 
growing in the left ovary and had metastasized to the omentum and tothe peritoneum 
in the upper part of the abdomen, as well as to the pouch of Douglas. Some serous 
fluid was found in the peritoneal cavity. Resection of both adnexae was done and the 
omentum was resected too. Histologic examination of the tumor showed a cancer of 
low differentiation with papillary formations and containing many cysts. Infiltration 
of cancer of the same kind was found inthe omentum. From December 1953 to Feb- 
ruary 1954, the patient was treated with radiation and had two intra-uterine radium 
applications, each 1,800 mg. She also had testosterone injections, 25 mg. twice 
daily. The patient was in fairly good condition until May 1954 when she developed 
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ascites. Paracentesis was performed on May 11, 1954; the rather bloody fluid with- 
drawn was the first sample for chromosome analysis. Ten days later, a new para- 
centesis had to be made. Solid tumorous metastases were palpated in her abdomen 
after the fluid was tapped. This fluid was the second sample examined cytologically. 
In the interval between these two paracenteses no treatment of any kind was given 
except iron pills and vitamins. The patient died in August 1954. 


Methods 


On the two occasions mentioned above, when paracentesis was made, 
about 500 cc. of ascites fluid passed directly into a container with 6 liters 
of acetic-alcohol fixative (absolute alcohol and glacial acetic acid, 3:1, 
made up immediately before use). An almost instantaneous fixation of 
the cells was obtained by shaking the bottle while the ascites fluid ran 
down into it. Before the slides were made, the cells were concentrated 
by centrifugation and were sedimented together with a certain quantity 
of precipitated protein. 

Slides were made according to the method of Melander and Wingstrand 
(1), GémGri’s hematoxylin being used as a chromosome stain (figs. 9 and 
10). No teasing of the tissue is necessary with ascites cells. The squash- 
ing is made by an even pressure on top of the coverslip so that the cells 
are flattened without being ruptured. Before counting the chromosomes 
of any metaphase plate, a control was made in phase contrast in order to 
insure an undamaged outline of the cytoplasm. Most of the counts were 
exact; the error did not exceed +1 chromosome in cells with less than 100 
chromosomes, and +3 chromosomes in cells with higher numbers. 

In the idiograms of figures la to 6a, each chromosome was drawn in 
the center of the viewfield at a magnification of 3,700. The chromo- 
somes were lined up roughly according to size and, as far as possible, the 
location of their centromeres was also taken into account. 


Observations 





A. Chromosome numbers.—Chromosome counts were made after both 
fixations—201 counts after the first fixation, and 102 after the second— 
in all 303 counts. A survey of the chromosome numbers found is given 
in text-figure 1, in which absolute numbers are submitted. At the first 
fixation a distinction was made between exact counts (black) and approxi- 
mate counts (stippled). As mentioned above, the maximum error among 
the latter numbers was +1 below 100 and +3 above 100. 

On each occasion the chromosome-number distributions were char- 
acterized by marked peaks at 2n=58 and 2n=63. These two numbers 
evidently represent the two stemlines of the tumor. Some counts were 
also found around the double-stemline numbers (116 and 126). In ad- 
dition, the number 48 was counted in 3 cells, 7.e., the diploid number of 
man. Since plates with 48 chromosomes may represent mitotic division 
of nonmalignant cells, occasionally occurring in the peritoneal fluid, they 
are disregarded here. 
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Metaphases with very high chromosome numbers were encountered 
now and then. In one case the chromosome number +230 was deter- 
mined with a fair accuracy. This corresponds to a 4s number. 

In table 1 the numerical conditions of the tumor are summarized. 
It can be seen that the chromosome numbers in the population of the s 
regions constitute 90 to 95 percent of all numbers counted. This is in 
agreement with the result of a supplementary count made in 1,000 meta- 
phases from each of the 2 fixations. At the first fixation, 65 cells 
had + the 2s number; at the second fixation 67 cells were + 2s. Thus 
the percentage of 2s cells was the same at both fixations: about 6 to 7 
percent. At these counts all metaphases were recorded so that a selec- 
tion would be avoided. 

The chromosome numbers of the 2s region (table 1) indicate a bi- 
modality similar to the s region, which is quite striking, in spite of the 
small number of counts in the 2s region. The average numbers are 
115.6 and 126.4—almost exact doublings of 58 and 63. 

A marked shift in the population of the s region is observed between 
the 2 fixations: on the first occasion ss and s3 are about equally fre- 
quent, while on the second occasion s;g has only one third of the cells of 
% 3. The distribution within the two sg modes has changed, too, from 
fixation 1 to fixation 2, a greater frequency of high chromosome numbers 
being present at the second fixation. The average chromosome numbers 
are 62.8 and 64.6, respectively. The x? value for the difference was 
found to be 14.29***. This shift in the distribution of chromosome 
numbers will be discussed in the last section of the paper. 

B. Mitosis—The course of mitosis is strikingly regular in the two 
main categories of cells, viz., those belonging to s;3 and s 3. However, 
mitotic disturbances sometimes were seen in cells with higher chromo- 
some numbers. The abnormality most frequently found was tripolar 
spindles (fig. 7). 

A mitotic deviation of common occurrence in all categories of cells 
is the one pictured in figure 8. It belongs to the c-mitotic type of devia- 
tion. Each metaphase chromosome becomes strongly contracted and 
pyknotic. Such cells are certainly not viable and may represent unsuc- 
cessful chromosome combinations derived from various mitotic failures 
as, for instance, tripolar anaphases. 





C. Chromosome morphology.—An idiogram analysis was made from 
six clear metaphase plates. The chromosomes are shown in situ in 
figures 16 to 6b, and separately drawn in figures la to 6a. The length 
of each chromosome varies somewhat from plate to plate depending on 
the contraction state of the plate. An average contraction gives the 
chromosome length from about 0.5 to 4y, the longest chromosome thus 
being about eight times the length of the shortest one. 

It was not feasible to analyze the idiograms completely as to the 
location of the centromeres. We have the impression, however, that 
all cells within each stemline, 833, and ss; may well have identical chromo- 
some structure. Between the two stemlines, on the other hand, struc- 
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tural differences are found. In both stemlines the longest chromosome 
present is a metacentric with nearly median centromere. In 85g one such 
chromosome was present, while in s3 two chromosomes of this kind were 
regularly found. 


In addition to the normal chromosomes, one or more very minute 
chromosomes were seen now and then. Since they did not behave 
regularly, we could not decide whether they had normal centromeres 
and were self-perpetuating, or whether they were only occasionally 
originating small fragments. They are excluded, therefore, from the 
counts and from the idiogram analysis. 


Discussion 


A detailed knowledge of the chromosome numbers has been gained in 
the present case of a human tumor, and a comparison may be made 
with the situation in certain other tumors where the chromosomal con- 
ditions have been explored. Koller (2) and Hsu (3) have analyzed the 
chromosome-number distribution in human tumors. In the mouse and 
the rat, also, a detailed knowledge of tumor chromosomes was obtained 
during the past years (4-9). It turns out that the present tumor is 
very similar to those previously studied. Its chromosome conditions are 
unstable—a pronounced numerical variation is found. The chromosome 
number of the present tumor differs from the somatic chromosome num- 
ber of its host organism just as many other tumors have been found to 
do—it has a hyperdiploid modality. 

In one respect, however, this tumor is different from most of the tumors 
studied earlier—it has two different stemlines existing together. This 
peculiar situation is found in both first and second fixations. Previously 
Koller (2) found that the chromosome-number distribution of a human 
adenocarcinoma has several peaks which may depend on reasons other 
than the contemporary existence of several stemlines. Levan and 
Hauschka (10) found that sarcoma 37 has two modes, one near-diploid 
and the other near-tetraploid. 

Since we have available two fixations, made at an interval of only 10 
days, it is impossible to be sure whether the two stemlines have existed 
for a long time side by side, and consequently the genotypic balance of 
the tumor-cell population has stabilized with a condition involving two 
separate stemlines, or whether the situation studied is only a transient 
stage on the way from one numerical equilibrium to another. The 
latter seems to be the case. 

As already pointed out above, a shift in the equilibrium is indicated 
between fixation 1 and 2. This shift is in favor of the s,3- at the expense 
of the s;s-region. There is also a shift within the s,3-region, the average 
being moved somewhat higher. The situation is evident in the histogram 
of text-figure 2. 

Various considerations may be made in connection with the shift 
observed. The actual situation at any given moment in a tumor is the 
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TEXT-FIGURE 2.—Percentage frequencies of the s-region chromosome numbers at 
first and second fixation. 


result of the reaction of the tumor genotype to the environment. Changes 
in the genotype or in the environment, or in both, should have an imme- 
diate effect on the composition of the population. If the environment 
is the same from fixation 1 to 2, the change should be due to genotypic 
fluctuations in the tumor. The observed chromosome-number variation 
is only one type of genotypic variation in the tumor. Structural chromo- 
some rearrangements and gene mutations are other important sources of 
variation. The radiation treatment of the patient may have increased 
the frequency of such alterations. Therefore it is quite reasonable to 
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think that the s,3 class of cells has gained in viability in relation to 855 
through genotypic adjustments which have taken place from fixation 
1 to 2. Only a small increase in mitotic rate would be needed in order to 
give a certain class of cells an advantage over other classes. 

A shift may also be effected by changes in the environment. Quite 
likely such changes are involved in the deterioration of the patient during 
the period of observation. 

A possibility suggested by the change of chromosome numbers within 
the ss3 class would be the starting of a third stemline at 66 to 68. Some 
indication of a third mode in this region is to be seen in text-figures 1 and 2. 

In judging the numerical shifts which a stemline may undergo, not 
only changes within the established stemline region should be considered 
but also the possibility of the introduction of new cells from outside into 
the stemline region. Thus, the tripolar mitoses often observed in 2s cells 
should give rise to a certain frequency of cells with chromosome numbers 
fitting into one or the other of the two s classes. 

Differences between the present case and those analyzed earlier in mice 
and rats should also be considered in relation to differences in the history 
of the tumors. Human tumors are necessarily young in relation to the 
animal tumors, in which the chromosomes have been studied. These 
latter tumors are in most cases old ones established in serial transplanta- 
tion during a great many generations. It should be expected that stem- 
lines of such old tumors have reached a fairly stable equilibrium and that 
consequently their chromosomes are less responsive to disturbances. In 
human tumors, selection has acted only for a comparatively short period; 
therefore a more rapid sequence of new stemlines should be expected. 

It is to be noted that, although the present tumor is young compared 
with the transplantable animal tumors, it has already very definitely 
abandoned the diploid chromosome number of man. One of the most 
urgent tasks in connection with chromosome study in tumors is un- 
doubtedly the analysis of the precancerous stages. 


Structurally new chromosomes, which do not occur in the normal 
idiogram of the host species, have been demonstrated in mouse and rat 
tumors (e.g., 7,9,11). Thus, metacentric chromosomes have been found 
in the stemline of mouse tumors, while the spermatogonial mitoses have 
exclusively telocentric chromosomes. Large metacentric chromosomes 
have repeatedly been reported in rat tumors, while in normal rat cells 
metacentrics are found only among the smallest chromosomes. 


Unfortunately, our knowledge of the normal idiogram of man is still 
very limited. A rough comparison with the homo idiogram recently 
drawn by Hsu (12) indicates certain differences in the tumor studied. 
According to Hsu the four longest chromosome pairs of homo are nearly 
medially attached, but in the present tumor some of them are markedly 
asymmetric. The eight smallest chromosome pairs in Hsu’s idiogram 
are metacentric. In the present tumor, on the other hand, some of the 
smallest chromosomes are telocentric. In addition, a general comparison 
of the size variation of the chromosomes in the tumor with that in the 


Journal of the National Cancer Institute 








CHROMOSOMES OF AN OVARIAN CYSTOCARCINOMA 1075 


normal mitosis points at a greater variation breadth in the tumor. Con- 
sequently, it may be concluded that structural rearrangements have been 
involved together with chromosome-number changes in the development 
of the chromosome complement of this tumor, just as has been demon- 
strated repeatedly for animal tumors. In this connection it should be 
remembered that the patient received radiation treatment. 

Considering the wide and seemingly haphazard chromosome variation 
found in different mouse tumors, no very simple correlation between 
chromosome characteristics and other properties of the human tumor is 
to be expected. The only correlation of this kind derived from work on 
animal tumors is the inverse relationship between chromosome number 
and immunogenetic specificity discovered by Hauschka and Levan (10). 
These writers suggested that the mechanism acting in this correlation is 
the increased potentiality toward genotypic variation inherent in a 
higher or even in a slightly unbalanced chromosome number. This 
increased genetic adaptability expresses itself as an ability of tumors with 
unbalanced chromosome numbers to grow in foreign host genotypes. 


As data from a number of human tumors accumulate, it will be im- 
portant to correlate the chromosomal conditions with other properties of 
the tumors, and it is hoped that the chromosome analysis of cancer cells 
will finally be helpful clinically. 


Already at the present time, chromosome analyses of ascites cells may 
be valuable clinically because it is often a matter of dispute whether an 
ascites is malignant or not. If many cells in the exudate are found to 
have an aberrant chromosome complement, this will indicate a tumorous 
origin of the ascites. 


Summary 


The chromosome conditions of the ascites cells of an ovarian cysto- 
carcinoma are analyzed using a hematoxylin squash method to make the 
chromosome preparations. 

The tumor has abandoned the diploid chromosome complement of 
man. It has two distinct stemlines, at 58 and 63 chromosomes, existing 
together. A shift in the equilibrium of the cell population in favor 
of cells with somewhat over 63 chromosomes is indicated. 

The findings and the possible practical use of chromosome analyses of 
human tumors are discussed. 
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PLATE 96 


RES la to 6a.—Idiogram analyses of six tumor cells. 1a: 59; 2a: 58; 3a: 58; 4a: 


; a: 63; and 6a: 66 chromosomes. 
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PLATE 97 


FiaureEs 1b to 6b.—The six plates from which the idiograms of figures la to 6a are 
taken. 
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PLATE 98 


Figure 7.—Tripolar spindle in the division of a tumor cell with high chromosome 
number. XX 1,500 


Figure 8.—Nucleus of a tumor cell with pyknotic chromosomes. X 1,500 


Figures 9 and 10.—Chromosome plates of tumor cells with 58 (fig. 9) and 63 (fig. 10) 
chromosomes. X 1,500 
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The Chromosomes and Transplanta- 
bility of Tumors. III. The Transplant- 
ability of Mouse Tumors with Different 
Degrees of Strain Specificity into Pre- 
viously Immunized Mice’ 


Leo Sacus and Ruta Ga.uity, Department of 
Experimental Biology, Weizmann Institute of Science, 
Rehovoth, Israel 


The existence of tumors with different degrees of strain specificity offers 
especially favorable opportunities for a study of the factors that allow 
successful homotransplantation. In our previous studies (1,2) we 
investigated some of these factors by combining chromosome analyses 
with transplantability tests. In those studies we showed that the two 
processes of gene duplication and mutation in the tumor can explain the 
genetic basis for successful homotransplantation into hosts that have not 
been pretreated (2). 

One of the ensuing steps was to determine the immunologic consequences 
of these genetic changes. Therefore, in the present investigation we have 
extended the analysis to include determinations on the transplantability of 
tumors into hosts that had been previously immunized. The experiments 
were carried out with three ascites tumors that originated in the same 
inbred strain of mice, and for which there was evidence (1) that each 
tumor had a different degree of homotransplantability. 


Materials and Methods 


The tumors used in the present study were the ascites forms of the 
6C3HED lymphosarcoma and MC1M and MC1A sarcomas, produced by 
Dr. G. Klein (3), who supplied us with the original fluid. All three tumors 
had originated in strain C3H mice, and they were propagated by us for 
the purpose of maintenance by intraperitoneal transplantation into C3H. 
The mice used in our experiments were obtained from the same sources as 
those used in our other studies (1,2); the C3H, C57BR/a, BALB/c, and 
C57BL mice came from highly inbred strains; the Swiss mice had been 
mated brother X sister, by us, for at least eight generations. In all the 
experiments, the tumors were taken for transplantation after growing in 
the animals from 7 to 9 days. Intramuscular transplants were made in 
the leg and subcutaneous transplants in the flank. 

The chromosome studies were made on aceto-orcein squashes, and we 
have routinely used pretreatment with a hypotonic salt solution (1,2). 


! Received for publication October 20, 1955. 
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Results 
Fundamental Chromosome Numbers 


In order to check whether the fundamental chromosome numbers of the 
three ascites tumors were still the same as those we had found previously 
(1), chromosome counts were made, before beginning the immunizing 
experiments, in 100 cells in each tumor after intraperitoneal trans- 
plantation into C3H mice. These counts (text-fig. 1), like our other 
counts on the same tumors (/), have a possible error of +2, and they show 
that each tumor has maintained its fundamental chromosome number. 

A comparison of our present and previous counts (1) shows some small 
differences in the percentage of cells with different chromosome numbers 
which are probably due to environmental differences at the times when the 
samples were taken. The intervals between the two sets of counts were: 
28 transplan‘ generations for 6C3HED, 27 generations for MC1M, and 25 


generations ior MC1A. Photomicrographs of the chromosomes are 
shown in figures 1 to 12. 


Homotransplantability at Different Sites in the Body 


At the time of our earlier study (1), only C3H and Swiss mice were 
available, and the three tumors were tested by intraperitoneal and intra- 
muscular transplantation into these two strains of mice. We have now 
extended the transplantability tests to three sites in the body in five 
strains of mice. Of the five strains, one has the same H-2 allele (4) 
[pseudoallele (2)] as C3H, the strain of origin of these tumors, and four 
have different H-2 pseudoalleles. The criterion used for a successful 
transplant was progressive growth of the tumor which killed the host, and 
transplants were classed as unsuccessful only after an observation period 
of at least 3 months. 
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NUMBER OF CHROMOSOMES 


TEXT-FIGURE 1.—The chromosome numbers (possible error = +2) in the 6C3HED, 
MCIM, and MCIA ascites tumors after intraperitoneal transplantation into C3H 
mice. Each histogram is based on the number of chromosomes in 100 cells. 
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The results, which include those published previously (1), are given 
in table 1, and they show a marked difference in the homotransplantability 
of the three tumors; 6C3HED has given no successful homotransplants at 
any of the three sites tested; MC1M has given 100 percent successful 
homotransplants after intraperitoneal transplantation but none after 
intramuscular or subcutaneous transplantations, and MC1A has given 
100 percent successful homotransplants after intraperitoneal and intra- 
muscular transplantation, with a lower percentage after subcutaneous 
transplantation. 


TaBLeE 1.—The homotransplantability of the 6C3HED, MC1M, and MCI1A ascites 
tumors in different sites in the body 






































| Intraperitoneal Intramuscular | Subcutaneous 

| transplantation || transplantation || transplantation 

Host oe 
Tumor strain |pseudo- r + + 
tested allele | No. of | Ro No. of ae No. of RP 
animals percent animals* Preceas janimals* (percent) 

C3H H-2* | 350/350| 100 30/30 100 59/220 27 
C57BR/a | H-2* 0/10 0 0/10 0 0/10 0 
6C3HED | BALB/c H-2? 0/10 0 0/10 0 0/10 0 
S57BL H-28 0/10 0 0/10 0 0/10 0 
Swiss H-2' 0/30 0 0/20 0 0/20 0 
C3H H-2* | 250/250} 100 30/30 100 30/30 100 
C57BR/a | H-2* 10/10 100 0/10 0 0/10 0 
MCIM BALB/c H-2D 15/15 100 0/10 0 0/10 0 
C57BL H-28 10/10 100 0/10 0 0/10 0 
Swiss H-2’ | 200/200} 100 0/120 0 0/100 0 
C3H H-2* | 275/275} 100 30/30 100 30/30 100 
C57BR/a | H-2* 10/10 100 10/10 100 8/10 80 
MCIA BALB/c H-2? 10/10 100 10/10 100 8/10 80 
C57BL H-28 10/10 100 10/10 100 3/10 30 
| Swiss H-2" | 150/150 100 30/30 100 32/210 16 














* The numerator shows the number of animals killed by the tumor, and the denominator the number of ani- 
mals inoculated with the tumor. 


The data for 6C3HED also show that, although this tumor, which 
originated in C3H, gave 100 percent successful intraperitoneal and intra- 
muscular transplants, it gave only 27 percent successful subcutaneous 
transplants in our C3H mice. 

The presence of unsuccessful transplants of 6C3HED in our C3H mice 
is presumably due to antigenic differences between the host and the tumor, 
& supposition supported by the results given in the next section of this 
paper, which show that it has been possible to immunize our C3H mice 
against 6C3HED. Since the 6C3HED ascites tumor maintained by 
Dr. G. Klein, from which our tumor was derived, gives 100 percent suc- 
cessful subcutaneous transplants in his C3H mice (5), our unsuccessful 
subcutaneous transplants may be due to antigenic differences between our 
C3H and the C3H in which the tumor originated and/or to antigenic 
changes in the tumor. There is, in fact, a morphologic difference between 
our 6C3HED and Klein’s in that our tumor, like that maintained by 
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Hauschka (6,7), now has a high proportion of cells with micronuclei or 
multilobed nuclei, whereas the 6C3HED maintained by Klein (8) has a 
much lower proportion of such cells.?7, Whether this morphologic difference 
is connected with antigenic differences and/or whether we have been 
selecting C3H mice with resistance to 6C3HED can be tested by an 
exchange of mice and tumors. We are hoping to do this soon. 

In all cases of successful transplantation in the present experiments, 
an intraperitoneal transplant killed the host much more rapidly than an 
intramuscular or subcutaneous transplant. Thus in MC1A, where all 
strains of mice tested gave 100 percent successful intraperitoneal and 
intramuscular transplants, the mean survival times of the hosts varied, 
in different strains, from 14 to 19 days after intraperitoneal transplanta- 
tion and from 25 to 55 days after intramuscular transplantation. Suc- 
cessful subcutaneous transplants in MC1A gave a longer mean survival 
time than the successful intramuscular transplants in C3H (50 versus 31 
days), C57BR/a (50 versus 25 days), and Swiss (54 versus 43 days) and 
a shorter mean survival time in BALB/c (41 versus 55 days) and C57BL 
(49 versus 52 days). 

The mean inoculation doses, in 10° cells, used in these transplantation 
tests ranged, for the different strains, from 24 to 36 for intraperitoneal, 
23 to 27 for intramuscular, and 18 to 30 for subcutaneous transplants 
of 6C3HED; from 12 to 28 for intraperitoneal and 9 to 15 for intra- 
muscular and subcutaneous transplants of MC1M;; and from 16 to 30 for 
intraperitoneal and 11 to 18 for intramuscular and subcutaneous trans- 
plants of MC1A. In all three tumors, the same degree of transplanta- 
bility was obtained with all cell doses. 


Behavior of Second Transplant in Mice in Which First Transplant 
Had Regressed 


The transplantability tests have shown that for each of the three tumors 
there is at least one strain of mice in which one or more sites give suc- 
cessful transplants and one or more sites give unsuccessful transplants. 
It is therefore possible to compare the behavior of the tumors when 
transplanted into sites which normally give successful transplants in 
mice which have previously had an unsuccessful transplant at a different 
site. The combinations possible for such experiments are subcutaneous 
followed by intraperitoneal or intramuscular transplants in the case of 
6C3HED and MC1A, and subcutaneous or intramuscular followed by 
intraperitoneal transplants in the case of MC1M. 

We have studied these different combinations with 6C3HED in our 
C3H mice and with MC1M and MC1A in our Swiss mice. C3H was 
chosen for 6C3HED because it is the only strain which could be used 
for these experiments with this tumor, and Swiss was chosen for MC1M 
and MCI1A because it was the only foreign strain of which we had a 


2 The existence of a high proportion of cells with micronucleoli or multilobed nuclei in 6C3HED growing in 
C3H mice that can be immunized against this tumor shows that this morphologic characteristic seems to have 
an adaptive value in an immunologically unfavorable environment. 
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sufficient number of animals. In order to see if the effect of the first, 
regressed transplant persisted, the second transplants were made, as far 
as possible, either 30, 60, or 90 days after the first transplant. Thirty 
days was chosen as the smallest time interval for comparison of the three 
tumors because this was the length of time necessary to insure complete 
regression of the unsuccessful transplants of MC1A, which took longer 
to regress than the unsuccessful transplants of the other tumors. 

All experiments were carried out in females in order to avoid any pos- 
sible differences due to sex, and the results, given in table 2, show a 
marked difference in the behavior of the three tumors. This difference 
is best seen in the experiment with a regressed subcutaneous transplant 
followed by an intraperitoneal transplant, an experiment that can be 
made with all three tumors and that has yielded the following figures 
in the combined 30- and 60-day data: 0 percent successful second trans- 
plants for 6C3HED, 55 percent for MC1M, and 95 percent for MCIA. 

With MC1M the data show that a regressed intramuscular transplant 
is more effective than a regressed subcutaneous transplant in preventing 
a successful second, intraperitoneal transplant; P=0.01 to 0.001 in a x? 
test for the combined 30- and 60-day data and P=0.05 to 0.02 in a x? test 
for the 90-day data. With MC1A the combined 29- and 61-day data 
show that a regressed subcutaneous transplant can prevent more second 


TABLE 2.—The behavior of a second transplant of 6CSHED, MC1M, and MCIA 
in mice in which a first transplant had regressed 

















| 
| , | Second transplant || Control (first transplant) 
- of | \| its 
rst | a | | l 
Days : rr . 
oo (re- ’ Site of | ,; | No. : | wy | No. 
Tumor gressed) — second sae had killed roading a killed 
trans- “4 trans- es (per- wel 4 (per- 
plant* wane- plant* malst cent) plant* | malsf | cent) 
plant | 

SC 30 ip 0/18 0 IP 10/10 100 
SC 60 IP 0/20 0 IP 10/10 100 
6C3HED in SC 88 IP 0/20 0 IP 10/10 100 
C3H mice SC 30 IM 0/18 0 IM 10/10 100 
SC 60 IM 0/18 0 IM 10/10 100 
SC 88 IM 0/12 0 IM 10/10 100 
SC 30 IP 12/20 60 IP 10/10 100 
SC 60 fg 10/20 50 IP 10/10 100 
MCIM in SC 88 ir 18/25 72 IP 10/10 100 
Swiss mice IM 30 IP 6/20 30 IP 10/10 100 
IM 60 IP 3/20 16 IP 10/10 100 
IM 88 IP 6/16 88 if 10/10 100 
SC 29 IP 19/20 95 IP 10/10 100 
SC 61 IP 19/20 95 IP 10/10 100 
MCI1A in SC 89 IP 15/18 83 IP 10/10 100 
Swiss mice SC 29 IM 3/20 16 IM 10/10 100 
SC 61 IM 9/20 45 IM 10/10 100 
SC 89 IM 10/15 67 I) 10/10 100 
































*IP=intraperitonea!, IM =intramuscular, and SC=subcutaneous transplantation. 
t The numerator shows the number of animals killed by the tumor, and the denominator the number of animals 
inoculated with the tumor. 
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intramuscular transplants than second intraperitoneal transplants; P=< 
0.001 in x? test for the combined 29- and 61-day data. 

The subcutaneous followed by intramuscular transplants of MC1A 
indicate that at 90 days there may be a decrease in the effect of the first, 
regressed transplant, but the present data are not conclusive on this point. 
Thus, P=0.01 to 0.001 in a x? test for the 29- and 89-day data, whereas 
P=0.3 to 0.2 in a x? test for the 61- and 89-day data. Therefore, though 
there may be a decrease with time, it is clear that with all the tumors the 
effect of a first, regressed transplant is still present after 90 days. An 
additional experiment with 6C3HED in six C3H mice showed that follow- 
ing a first, regressed subcutaneous transplant a second, intraperitoneal 
transplant was unsuccessful, even after an interval of 170 days between 
the two transplants. 

Two experiments were carried out in order to determine whether there 
was cross resistance between MC1M and MCI1A. In the first experiment, 
14 mice surviving the 30-day intramuscular transplants followed by intra- 
peritoneal transplants of MC1M were given a third and fourth intra- 
peritoneal transplant of MC1M in order to insure that the mice were fully 
resistant to MC1M. They were then transplanted intraperitoneally with 
MCI1A and this gave 14/14 successful transplants. In the second experi- 
ment, 12 mice surviving the 30-day subcutaneous transplants followed by 
intramuscular transplants of MC1A were given a third (intramuscular) 
and fourth (intraperitoneal) transplant in order to insure that the mice 
were fully resistant to MC1A. They were then transplanted intra- 
peritoneally with MC1M, and this gave 3/12 successful transplants. 
Therefore, previous regression of MC1M did not prevent successful trans- 
plants of MC1A, whereas previous regression of MC1A in some instances 
was able to prevent successful transplants of MC1M. 

The inoculation doses, in 10° cells, used in these experiments ranged 
as follows: for 6C3HED, from 12 to 16 for subcutaneous transplants and 
18 to 22 for intramuscular and intraperitoneal transplants; for MC1M, 
from 8 to 9 for subcutaneous and intramuscular transplants and 14 to 19 
for intraperitoneal transplants; for MC14A, from 10 to 11 for subcutaneous 
and intramuscular transplants and 23 to 25 for intraperitoneal trans- 
plants. 

In another experiment with MC1A, a second, intraperitoneal trans- 
plant (dose=15 10° cells, in contrast to the 29-day experiment where 
the dose was 25 10° cells) was made 35 days after the first, regressed 
subcutaneous transplant (dose=11 X10 cells) and gave 10/10 successful 
second transplants. This result shows that with MC1A, inoculation doses 
that differed by as much as 10 10® cells gave comparable transplantation 
results. 


Discussion 
Different Degrees of Homotransplantation 


A homotransplant, or homograft, has usually been defined as a trans- 
plant between animals of the same species with different genotypes, e.g., 
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transplants between inbred strains of mice. But the term “homotrans- 
plant,” and this also applies to the term “strain specific,” covers a variety 
of degrees of transplantability. 

With the 6C3HED ascites tumor we have found that, although it gave 
100 percent successful intraperitoneal and intramuscular transplants, it 
gave only 27 percent successful subcutaneous transplants in our C3H 
mice. Apparently this tumor cannot be transplanted subcutaneously 
with uniform success, even in mice of the strain of origin. The solid 
form of 6C3HED can be successfully transplanted subcutaneously into 
CBA mice (4), a strain that is closely related genetically to C3H. 

The importance of transplantation site is further shown by the results 
with the MC1M and MCI1A ascites tumors. Both can give 100 percent 
successful intraperitoneal, intramuscular, and subcutaneous transplants 
in C3H, the strain of origin, and, while they can also give 100 percent 
successful intraperitoneal homotransplants in a range of foreign hosts, 
they differ strikingly in their ability to give successful intramuscular and 
subcutaneous homotransplants. 

That the genetic constitution of the host plays a role in determining 
what is called a successful homotransplant is seen both in the greater ease 
of obtaining successful transplants between genetically related strains 
and in the fact that there are mice of strain DBA/1 (4), that are especially 
tolerant to transplants originating in other strains. 

The present and previous data (1,2; also 4,9, and others) show that, 
quite apart from transplantability into special sites such as the brain, 
anterior chamber of the eye, or cornea (10-12), different degrees of homo- 
transplantability are possible, depending on the transplant, the site of 
transplantation, and the genetic constitution of the host. 


Mechanisms for Successful Homotransplantation 


Successful homotransplants can be obtained (a) by changing the re- 
sponses of the host and (6) by changes in the transplant. Although in 
both cases the end result is a successful homotransplant, the mechanisms 
that allow successful homotransplantation are different under these two 
sets of conditions. 


A. Homotransplantation after Treatment of the Host 


In addition to the use of genetically nonspecific agents, such as X rays 
and cortisone (13), successful homotransplants can be obtained by treating 
the host with large doses of various tissues before transplantation, either 
when the host is still an embryo (14,15) or when it is adult (16,17). In 
the case of the embryo, the treatment is effective with tissues that are 
genetically the same as those used for the transplant (14,15), and in the 
case of the adult the best results are also obtained by treating with tissues 
that have genetic similarities to the transplant (16). That there may be 
a similarity between the mechanisms that produce tolerance to homo- 
transplants after treatment of the embryo and the adult is shown by 
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the fact that in both cases transplants of lymph nodes, from immunized 
or untreated hosts, can abolish the tolerance (14,15,18). 

It has been shown in rabbits that treatment with large doses of heterolo 
gous plasma protein can produce in young and adult animals a specific 
immunologic unresponsiveness (19). The existence of high titers of 
hemagglutinins in adult pretreated mice that are successfully growing a 
homotransplant (18) shows, however, that although the pretreated host 
cannot prevent the growth of the transplant, the antibody-forming 
system in this case has not been completely prevented from acting against 
material that is genetically like the transplant. In order to show that 
the same mechanism produces tolerance after treatment of the embryo 
and the adult, it is still necessary to determine whether homotransplants 
in hosts treated as embryos also produce hemagglutinins and whether, as 
in the case of treated adult hosts (20,21), tolerance can be produced by 
serum. Determinations on the presence of antibodies would also be able 
to show whether a somatic transformation of the antibody-forming system 
is produced after treatment of the embryo. 

Therefore, although it is not yet clear whether the same mechanism 
operates after treatment of the embryo and of the adult, in both cases 
the final results are successful homotransplants produced primarily by 
changes in the host rather than in the transplant. 


B. Homotransplantation without Treatment of the Host 


In contrast to the study of factors that produce successful homotrans- 
plantation by changing the host, we have so far been studying in our 
investigations the factors that produce successful homotransplantation 
by changes in the transplant. The earlier data (1,2,7,9), which were 
obtained by correlating chromosome analyses and transplantability tests 
and are supported by the present results, have shown that there is a 
relationship between chromosome duplication and homotransplantability 
and that the two processes of gene duplication and mutation in the 
tumor (2) can explain the genetic basis for successful homotransplantation 
in untreated hosts. 

In the present experiments with the three ascites tumors, the regression 
of transplants at certain sites, the subsequent behavior of the hosts that 
had borne a regressed transplant, and the persistence of the effect (cf. 22) 
show that not only 6C3HED but also MC1IM and MCIA can 
immunize a foreign host. This has been further substantiated by the 
fact that all three tumors can show a second-set effect (23). The ex- 
periment on cross immunity, in which previous immunization with 
MCI1A could prevent the successful transplantation of MC1M shows 
that MC1A does not seem to have less immunizing ability than MC1M. 

The success of the homotransplants in untreated hosts, therefore, does 
not depend on the loss of antigenicity but on whether the tumor can kill 
the host instead of the reverse. That these two tendencies may give 
either the one or the other final result, even when the same tumor is used 
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as the transplant, can be seen from the different transplantability results 
at the different sites. With MC1M, for example, intraperitoneal trans- 
plants, which can kill the host rapidly, give successful homotransplants, 
whereas intramuscular and subcutaneous transplants, for which the con- 
ditions of growth are different and where the tumor would take a longer 
time to kill the host, give unsuccessful homotransplants. 

Therefore it can be seen from the present and other data (2) that the 
ability of these and other tumors to give successful homotransplants in 
untreated hosts is not due to a lack of ability to immunize, but to a gain 
of resistance to immunization. The present data show that tumors with 
different degrees of homotransplantability have different degrees of this 
resistance (text-fig. 2). 



































NAME HOMOTRANSPLAN TATION % RESISTANCE 
OF THE TO PREVIOUS 
TUMOR INTRAPERITONEAL| INTRAMUSCUL AR | SUBCUTANEOUS IMMUNIZATION 
6C3HED {| = — ; = ~ 0 
| | | = 
] | | | 
| mcm | + | _ | - 55 | 
| | 
| i i 7" 
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| | 
L | | | | 





TEXT-FIGURE 2.—Diagram of the degree of homotransplantability of the 6C3HED, 
MCI1M, and MCI1A ascites tumors and their degree of resistance to previous 
immunization of the host. The percentage of resistance is based on the combined 
30- and 60-day data (the data are given in detail in table 2) for a regressed sub- 
cutaneous transplant followed by an intraperitoneal transplant. 

The results of the transplantability tests with MC1A also show that 
the degree of resistance can vary at different sites. With tumors that 
do not have a high degree of resistance at the site that is being tested, 
the result can be changed relatively easily from a successful to an un- 
successful homotransplant. The actual mechanism of resistance which 
allows successful homotransplantation, and which may be due to such 
factors as the establishment of the tumor before the host’s responses can 
become effective, is now being investigated in these and other tumors. 

It is of interest that successful homotransplants, obtained by changes 
in the transplant that produce a resistance to the host’s immunologic 
responses, have so far been found only with tumors. This resistance, 
therefore, seems to be a feature of what has been called tumor pro- 
gression (24). 

Summary 

The transplantability of 6C3HED, MC1M, and MC1A ascites tumors 

with fundamental chromosome numbers of 40+2, 65+2, and 80+2, re- 


spectively, has been tested by intraperitoneal, intramuscular, and sub- 
cutaneous transplantation, both in the strain of origin and in a range of 
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foreign strains. This has shown that these three ascites tumors have 
different degrees of homotransplantability which are related to genetic 
differences in the tumors. 

Tests on the regression of transplants at certain sites, the subsequent 
behavior of the hosts that had borne a regressed transplant, and the per- 
sistence of the effect produced by the regression, have shown that not only 
6C3HED, which gave no successful homotransplants, but also that 
MC1M and MC1A, which have different degrees of homotransplant- 
ability, can immunize a foreign host. 

The ability of the tumors to give successful homotransplants by genetic 
changes in the transplant, is, therefore, not due to the loss of antigenicity, 
but to a gain of resistance to the immunizing responses of the hosts. It 
has been shown for the three tumors that the degree of homotransplant- 
ability is related to the degree of resistance to immunization. 


References 


Sacus, L., and Gauuity, R.: The chromosomes and transplantability of tumors. 
I. Fundamental chromosome numbers and strain specificity in ascites tumors. 
J. Nat. Cancer Inst. 15: 1267-1289, 1955. 

The chromosomes and transplantability of tumors. II. Chromosome 
duplication and the loss of strain specificity in solid tumors. J. Nat. Cancer 
Inst. 16: 803-841, 1956. 

Kern, G.: Comparative studies of mouse tumors with respect to their capacity 
for growth as “ascites tumors” and their average nucleic acid content per cell. 
Exper. Cell Res. 2: 518-573, 1951. 

Sveti, G. D., Russet, E., Fexete, E., and Smirn, P.: Resistance of various 
inbred strains of mice to tumor homoiotransplants, and its relation to the 
H-2 allele which each carries. J. Nat. Cancer Inst. 14: 485-491, 1953. 

Kern, G.: Personal communication. 

Levan, A., and Hauscuka, T. 8.: Nuclear fragmentation—a normal feature of 
the mitotic cycle of lymphosarcoma cells. Hereditas 39: 137-148, 1953. 

Havuscuka, T. S.: Cell population studies on mouse ascites tumors. Tr. New 
York Acad. Sc. II 16: 64-73, 1953. 

Révész, L., and Kern, G.: Quantitative studies on the multiplication of neo- 
plastic cells in vivo. II. Growth curves of three ascites lymphomas. J. Nat. 
Cancer Inst. 15: 253-273, 1954. 

Havuscuka, T. S.: Methods of conditioning the graft in tumor transplantation. 
J. Nat. Cancer Inst. 14: 723-739, 1953. 

Greene, H. 8. N.: Compatibility and noncompatibility. Ann. New York 
Acad. Sc. 59: 311-325, 1955. 

Mepawar, P. B.: Immunity to homologous grafted skin III. The fate of skin 
homografts transplanted to the brain, to subcutaneous tissue, and to the 


anterior chamber of the eve Brit. J. Exper. Path. 29: 58-69, 1948 
Bituinocuam, R. E., and Boswe.t, T.: Studies on the problem of corneal homo 
grafts. Proc. Roy. Soc., London, s.B 141: 392-406, 1953 
Tootas, H. W.: Conditioning of the host J. Nat. Cancer Inst. 14: 745-765 
1 
Hittsanonam, R. b., Kaew, L., and Mepawan, P. B.: Actively acquired tolera 
f foreigt ‘ Nature. London 172: 603-606. 1043 
Acquired tolerance of skin homografts Ar New York Acad. & 


jeuree! of the Sethewe! (eecer tactitete 








(16) 


(17) 


(18) 


(19) 


(20 


— 


(21) 


vel 


RESISTANCE OF TRANSPLANTS TO IMMUNIZATION 1093 


Sveti, G. D.: The enhancing effect (or actively acquired tolerance) and the 
histocompatibility-2 locus in the mouse. J. Nat. Cancer Inst. 15: 665-675, 
1954. 

Kauss, N.: Induced alteration of the normal host-graft relationships in homo- 
transplantation of mouse tumors. Ann. New York Acad. Sc. 59: 385-391, 
1955. 

Mirtcuison, N., and Dusg, O. L.: Studies on the immunological response to 
foreign tumor transplants in the mouse. II. The relation between hemag- 
glutinating antibody and graft resistance in the normal mouse and mice 
pretreated with tissue preparations. J. Exper. Med. 102: 179-197, 1955. 

Dixon, F. J., and Maurer, P. H.: Immunologic unresponsiveness induced by 
protein antigens. J. Exper. Med. 101: 245-257, 1955. 

Kauss, N., and Motomort, N.: The effect of prior injections of tissue antiserums 
on the survival of cancer homoiografts in mice. Cancer Res. 12: 110-112, 1952. 

Kauiss, N., Motomut, N., Harriss, J. L., and Gautt, S. D.: Effect of previously 
injected immune serum and tissue on the survival of tumor grafts in mice. 
J. Nat. Cancer Inst. 13: 847-850, 1953. 

BituincHaM, R. E., Brent, L., and Mepawar, P. B.: Quantitative studies on 
tissue transplantation immunity. II. The origin, strength and duration of 
actively and adoptively acquired immunity. Proc. Roy. Soc., London, s.B 
143: 58-80, 1954. 


23) Sacus, L., and Werss, R.: Unpublished data. 


Fou.ps, L.: The experimental study of tumor progression. A review. Cancer 
Res. 14: 327-339, 1954. 


16 Ne 6, Apetl tee 











1092 SACHS AND GALLILY 


foreign strains. This has shown that these three ascites tumors have 
different degrees of homotransplantability which are related to genetic 
differences in the tumors. 

Tests on the regression of transplants at certain sites, the subsequent 
behavior of the hosts that had borne a regressed transplant, and the per- 
sistence of the effect produced by the regression, have shown that not only 
6C3HED, which gave no successful homotransplants, but also that 
MC1M and MC1A, which have different degrees of homotransplant- 
ability, can immunize a foreign host. 

The ability of the tumors to give successful homotransplants by genetic 
changes in the transplant, is, therefore, not due to the loss of antigenicity, 
but to a gain of resistance to the immunizing responses of the hosts. It 
has been shown for the three tumors that the degree of homotransplant- 
ability is related to the degree of resistance to immunization. 
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PLATE 99 


Photomicrographs of the chromosomes of the MCIA ascites tumor. All aceto- 
orcein squashes after pretreatment with hypotonic salt solution. X 1,500 


Figure 1.—Cell with 72 chromosomes. 
FicurE 2.—Cell with 76 chromosomes. 
Figure 3.—Cell with 76 chromosomes. 
Figure 4.—Cell with 77 chromosomes. 
Figure 5.—Cell with 78 chromosomes. 


Ficure 6.—Cell with 78 chromosomes. 
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PLate 100 


Photomicrographs of the chromosomes of the MCIM ascites tumor. All aceto- 
orcein squashes after pretreatment with hypotonic salt solution. X 1,500 


Ficure 7.—Cell with 66 chromosomes. 
Frevure 8.—Cell with 66 chromosomes. 
Ficure 9%.—Cel! with 65 chromosomes. 
Ficvure 10.—Cell with 66 chromosomes. 
Ficure 11.—Cell with 66 chromosomes. 


Ficure 12.—Cell with 130 chromosomes. 
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Virus of Avian Erythroblastosis. I. 
Titration of Infectivity»? 


Epwarp A. Ecxert,* Dorotuy BEarp, and J. W. 
Bearp, Department of Surgery, Duke University 
School of Medicine, Durham, N. C. 


During the past few years, a series of reports has been published from 
this laboratory (1, 2) describing studies on the nature of the “virus of 
avian erythromyeloblastic leukosis.” The term erythromyeloblastic 
leukosis was employed because of the uncertainties in the literature rela- 
tive to fundamental differences or relationships between the respective 
etiologic agents of myeloblastosis (3) on the one hand and erythroblastosis 
(3) on the other. It was used, in addition, to distinguish definitely this 
leukemic condition under study from the more complex conditions classi- 
fied (3) in the category of the (usually) extravascular lymphoid diseases 
generally referred to as lymphomatosis. It was observed that the disease 
passed only by virus in, or derived from, filtered plasma, exhibited great 
uniformity in its various characteristics, which Burmester (4) regarded 
as those of myeloblastosis. In all the work since the study by Burmester, 
no change has been seen and, in view of the fact that the disease has been 
passed approximately 150 times with filtered virus in the past 5 years, 
it can be concluded with Burmester that this form of leukemia constitutes 
a “relatively pure strain of myeloblastosis.”” As a consequence, therefore, 
it is evident that all the properties described heretofore (1, 2, 5) as those 
of the virus of avian erythromyeloblastosis are actually those of the (or 
an) agent of avian myeloblastosis. 

On the basis of information now established regarding the virus of 
myeloblastosis, it has appeared timely to undertake investigations, for 
purposes of comparison, with the (or an) agent associated with the 
occurrence of the analogous avian leukemic disease erythroblastosis (or 
erythroleukosis). The ultimate objective is to duplicate, insofar as 
possible or desirable with the virus of erythroblastosis, the investigations 
made with the myeloblastic-leukosis virus in order to determine relation- 
ships or differences between the agents responsible for these two mani- 
festations of avian leukemia. As the initial step in this course, studies 

! Received for publication September 20, 1955. 
2 This work was supported by a research grant to Duke University from the American Cancer Society, on 
recommendation of the Committee on Growth; by a grant from the National Cancer Institute of the National 


Institutes of Health, U. S. Public Health Service; and by the Dorothy Beard Research Fund. 
* Scholar in Cancer Research of the American Cancer Society, Inc. 
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have been made of host response to the virus of erythroblastosis in order 
to establish the procedures and methods necessary for the quantitative 
measurement of the attribute of infectivity. 

The status of the problem of tumor-virus titration and bioassay, which 
constitutes the background for the present work, has been advanced 
greatly in recent years. This has been accomplished by the application 
of suitable biomathematical procedures, developed initially for the solution 
of problems in fields (1, 6) other than virology, which have revealed the 
principal factors influencing the characteristics of host response to the 
agents and have provided the basis for quantitative analysis of host-virus 
interaction. Although the basic principles for the study of host response 
to the tumor agents were suggested by investigations with the papilloma 
virus (7), knowledge of the sources of variation and the means for the 
control and analysis of the variations has progressed substantially in the 
more recent studies on the viruses of avian myeloblastosis and the Rous 
sarcoma. The problems encountered in common in studies on bioassay 
of the tumor viruses have been discussed in detail in recent publications 
(1, 6), and Bryan (8) has described the results of comprehensive analyses 
of host-response data obtained with the Rous sarcoma virus. 

In the present work, preliminary studies indicated that host response 
to the virus of erythroblastosis was similar, in principle, to that (9) of the 
agent of myeloblastosis. This was substantiated by further experimenta- 
tion and, as a consequence, the design of the experiments with erythro- 
blastosis and the procedures for quantitative analyses of the data were 
essentially identical with those employed (9) with the agent of myelo- 
blastosis. The results thus obtained with the erythroblastosis virus are 
described in this report. 


Materials and Methods 


The strain of erythroblastosis was obtained from Dr. Astrid Fagraeus 
(State. Bacteriological Laboratory, Stockholm), who had received it 
originally from Dr. J. Engelbreth-Holm (Department of Pathological 
Anatomy, University of Copenhagen). The material employed for the 
first passage in this country consisted of spleen which had been shipped 
frozen in dry ice. Upon its arrival 4 days later, the Thermos jug was 
found to be broken, and the tissues had thawed. Portions of 2 spleens 
were ground immediately in a cold mortar with Ca-free Ringer’s solution. 
The preparation was made to a 10 percent suspension and centrifuged at 
1,000  g for 10 minutes. A series of 3 dilutions in tenfold increments 
was injected in 0.1 ml. volumes each in about 30 chicks. The prepara- 
tion was found to be very highly active in transmitting the disease. A 
comparably high transmission was observed with the plasmas of the 
birds which became ill in this first passage, and consequently in all 
further work, passage was effected only with filtered blood plasma. 

The procedures for the collection of blood as the source of plasma were 
patterned closely after those (10, 11) employed in the studies on myelo- 
blastosis, but there was a major deviation in the manner of selecting the 
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plasma donors. In the work with myelobastosis, the donors were chosen 
for high content of virus in the plasmas by screening with the micro test 
(12, 13) for adenosinetriphosphatase activity. This criterion could not 
be applied in erythroblastosis, since in the work thus far plasmas contain- 
ing the virus have exerted no signficant enzyme activity in the micro- 
screening tests. Selection of the donors has been made on the basis of 
the blood content of the characteristic erythroblasts. 

Blood was drawn by heart puncture or section of the sagittal sinus and 
was prevented from clotting with a solution of crystalline heparin (1/4). 
After the individual samples were chilled, the tubes were centrifuged at 
1,500 X g for 20 minutes, and the plasma was taken off with a fine-tipped 
pipette. The specimens from the individual birds were then stored at 
—15° C. At the time of use, several separate samples were thawed and 
pooled to yield an appropriate volume, and centrifugation was repeated 
as before. The pool was then filtered with celite and passed through a 
2-inch Selas filter candle. Dilutions for titrations were made with BSA- 
Simms’ solution (15) and injected intravenously in 0.1 ml. volumes in 
3- or 12-day-old chicks. In a special study the chicks were 54 days old 
at the time of inoculation. All birds, except those for special studies, 
were of the inbred strain of White Leghorns of Line 15 developed (16, 
17) at the Regional Poultry Research Laboratory, East Lansing, Michi- 
gan, and had been employed in similar studies (9, 18) on myeloblastosis. 
The onset and course of the disease were followed by routine blood 
smears stained with Wright’s stain (19). 


Experiments and Results 


The studies on erythroblastosis thus far have involved approximately 
5,000 chickens during a period of 5 months. It is as yet too early to 
draw conclusions regarding specificity of the virus to produce only 
erythroblastosis to the exclusion of myeloblastosis or mixtures of erythro- 
blastosis and myeloblastosis. Within the limits of the time period and 
the number of passages, the behavior of the virus and the response of 
the test chickens have been entirely uniform. 


Hematology of the Circulating Blood 


The hematology and other aspects of the pathology of erythroblastosis 
(erythroleukosis) have been described in detail by Furth (20), who has 
clearly illustrated, in colored drawings, the cellular elements characteris- 
tic of the disease. The findings in the present work are exemplified by 
the results of examination of blood smears taken at daily intervals (except 
Sundays) on 31 chickens injected with 0.1 ml. of filtered whole plasma at 
3 days of age (dose group 107', experiment 166, table 1). In text-figure 1 
there is shown the sequence of changes in the hematology marking the 
onset and development of the disease which terminated in death of the 
host. The onset of erythroblastosis was detectable first by increase in 
the number of circulating polychrome erythrocytes. A few of these cells, 
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differing from normal erythrocytes, principally in slight basophilia of 
the cytoplasm without abnormalities of cell shape and nuclear structure, 
were seen in the circulation of the young birds before virus inoculation. 
After varying periods, which were as short as 24 to 48 hours depending on 
the dose of virus (text-fig. 1), there was rapid increase in the number of 
polychrome erythrocytes, associated concurrently with the development 
of abnormalities in shape, size, nuclear structure, and the basophilic char- 
acteristics of the cytoplasm of these red blood cells. Many of the cells 
were spherical; the nuclear material became increasingly rounded and 
more loosely arrayed and occupied relatively larger volumes of the cells. 
The less abnormal cells, which sometimes contained two nuclei, were 
the same as those described as polychrome erythroblasts by Furth. At 
this stage, and subsequently, there was seen a continuous gradation of 
forms from polychrome erythrocytes and polychrome erythroblasts to the 
characteristic, very large erythroblasts pathognomonic of erythroblastosis. 
These intermediate cells were round and of sizes varying from those of the 
polychrome erythroblasts to those of the large cells. The nuclei of 
granular structure became larger, leaving but a narrow rim of highly baso- 
philic cytoplasm. During the brief period characterized by these cells, 
clearly of erythroid origin, and at about the same time or slightly before 
the first large erythroblasts were seen, there occurred in almost every case 


TABLE 1.—Summary of results in the titration of infectivity of the erythroblastosis virus 
in five plasma pools 





























| Cor- | 4 
| Num- | rected | _ | Medi- | Per- | qota) 
pept| Los | beret | num aed | Me. | sais | See | eee 
NC ‘| dose | chicks | ber of | Variance | ,2*° od : pos cent 
NO. | niseme | inceu- | chicks devia- | latent | period | tive at posi- 
P : tion | period | (¢= | trunca- fas 
lated | inocu- 0.052) ‘hone tive 
lated : 
165 | —7 30 27 ae = — - | 0 0 
—6 30 29 — = - = — | O 13. 8 
—5 30 28 0. 00352 | 0.059 | 1. 223 | 1. 213 17.9 39. 3 
—4 30 29 0. 00326 | 0.057 | 1.112 | 1.115 82.8 89.7 
—3 30 25 0. 00210 | 0.046 | 1.061 | 1. 061 96. 0 96. 0 
—2 30 29 0. 00343 | 0.059 | 1.021 | 1.021 | 100 100 
—1 29 29 0. 00282 | 0.053 | 0.952 | 0.952 | 100 100 
166 | —7 30 26 -= _- ~- —- — 0 
—6 29 29 0. 00524 | 0.072 | 1. 236 | 1. 216 27. 6 37. 9 
—5 30 30 0. 00356 | 0.060 | 1.169 | 1.169 66. 7 86. 7 
—4 30 28 0. 00233 | 0.048 | 1.114 | 1.114 | 100 100 
—3 31 31 0. 00340 | 0.058 | 1.049 | 1. 049 93.5 | 100 
—2 30 29 0. 00443 | 0.066 | 1.002 | 1.002 | 100 100 
—1 31 31 0. 00583 | 0.077 | 0.958 | 0.958 | 100 100 
—3. 1* 30 30 — = — — 0 0 
—3.1* 30 30 -- “= —- —- 0 10. 0 
—3. 1* 30 29 0. 00231 | 0.048 | 1. 205 _- 24. 2 41.4 
—3. 1* 30 28 0. 00182 | 0. 043 | 1.176 = 42.9 78. 6 
—3.1* 29 29 0. 00310 | 0.056 | 1.070 - = 93. 1 96. 6 
—3.1* 30 28 0. 00287 | 0.054 | 1.094 —_— 92.9 | 100 
168 | —4 30 28 0. 00235 | 0. 044 | 1.177 | 1.181 | 100 100 
—3 30 26 0. 00182 | 0.043 | 1.099 | 1.099 88.5 | 100 
—2 30 28 0. 00126 | 0.036 | 1. 064 | 1. 064 50. 0 67.9 
—2* 30 30 0. 00201 | 0.045 | 1.110 — 90. 0 93. 3 
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TaBLE 1.—Summary of results in the titration of infectivity of the erythroblastosis virus 
in five plasma pools—Continued 



































Cor- ’ 
7 Medi- | Per- 
Num- | rected Stand- | Medi- | anlog| cent Total 
Expt Log ber of | num- oa poy latent onl per- 
XPt.| dose | chicks | ber of | Variance - 2 - posi- | cent 
No. I : . devia- | latent | period | tive at . 
plasma | inocu- | chicks ti : ne posi- 
lated | inocu- fon | period | (em | Sune) ‘tive 
lated 0.052) | tion 
168 | —2* 30 29 | 0.00254 | 0.050 | 1.114 = 93.1 | 100 
—2* 30 28 | 0.00163 | 0.040 | 1.082 —_ 100 100 
—2* 31 28 | 0.00286 | 0.054 | 1. 108 — 96. 4 | 100 
—2* 30 30 | 0.00417 | 0.064 | 1.096 — 100 100 
—2* 30 28 | 0.00249 | 0.050 | 1. 094 — 100 100 
—2* 30 29 | 0.00262 | 0.051 | 1. 087 —_ 93.1 | 100 
—2* 28 27 | 0.00234 | 0.048 | 1. 088 -—- 92.6 | 100 
—2* 30 29 | 0.00335 | 0.058 | 1. 103 — 89. 7 | 100 
—2* 31 29 | 0.00245 | 0.049 | 1.073 —_ 90. 3 96. 8 
169 | —7 30 29 —_ —_ — _— 0 0 
—6 30 27 — —_— — — 0 3.7 
—5 30 27 —_ “= ~- 0 41, 3 
—4 29 25 | 0.00543 | 0.074 | 1.172 | 1.167 | 72.0 76. 0 
—3 30 28 | 0.00447 | 0.064] 1.118] 1.117} 92.9] 92.9 
—2 30 30 0. 00262 | 0.051 | 1. 067 | 1. 067 96. 7 96. 7 
—2* 30 30 | 0. 0087 0.030 | 1.110 — 86. 7 93. 3 
—2* 30 30 | 0.00376 | 0.061 | 1. 127 -- 76. 7 90. 0 
—2* 30 29 | 0.00217 | 0. 047 | 1. 083 _— 96. 7 96. 7 
—2* 30 30 | 0.00263 | 0.051 | 1. 048 — 93. 3 96. 7 
—2* 30 28 | 0.00256 | 0.051 | 1.051 — 100 100 
—2* 30 30 | 0.00207 | 0.045 | 1.035 — 96. 7 96. 7 
—2* 30 30 | 0. 00204 | 0.045 | 1. 057 —_ 93. 3 93. 3 
—2* 31 30 0. 00317 | 0.056 | 1. 080 _— 83. 3 90. 0 
—2* 30 29 | 0.00243 | 0.049 | 1. 062 —_ 100 100 
—2* 30 29 0. 00249 | 0.050 | 1. 067 _ 96. 7 | 100 
171 | —6.3 31 31 — — — —_ 0 3. 2 
—5.3 30 29 | 0.00352 | 0.059 | 1. 234 | 1. 214 58. 6 62. 1 
—4,3 30 28 | 0.00310 | 0.056 | 1.145 | 1. 144 78. 6 85. 7 
—3.3 30 29 0. 00255 | 0.051 | 1.083 | 1. 083 69. 0 96. 6 
—2.3 30 28 | 0.00226 | 0.048 | 1.032 | 1.032 | 100 100 
—5. 3t 30 30 -— -- — —_ 20. 0 36. 7 
—4. 3f 32 30 0. 00262 | 0.051 | 1.148 1.148 96. 7 96. 7 
—3. 3t 29 29 | 0.00396 | 0.063 | 1.105 | 1.105 | 100 100 
—2. 3t 32 32 | 0.00100 | 0.033 | 1.038 | 1.038 | 100 100 
—1. 3+ 30 30 | 0.00358 | 0.060 | 1.014 | 1. 009 63.3 | 93.3 
—3. 3* 30 29 | 0.00258 | 0.051 | 1.099 — 89. 7 96. 6 
—3. 3* 30 30 | 0.00197 | 0.044 | 1.070 — 100 100 
—3. 3* 30 28 | 0.00219 | 0.047 | 1. 053 — 100 100 
—3. 3* 30 30 | 0.00252 | 0.050 | 1. 054 —_ 100 100 
—3. 3* 29 27 0. 00256 | 0.051 | 1. 105 -- 63. 0 96. 3 
—3. 3* 30 30 | 0.00200 | 0.045 | 1. 088 _— 66. 7 | 100 
—3. 3* 30 29 | 0.00184 | 0.043 | 1.079 — 65. 5 93. 1 
—3. 3* 30 30 | 0.00232 | 0.048 | 1. 067 —_ 90.0 | 100 
—3. 3* 30 29 | 0.00351 | 0.059 | 1.129 —_— 89. 7 93. 1 
—3. 3* 30 30 0. 00292 | 0.054 | 1.116 —_ 90. 0 93. 3 
—3. 3* 30 28 | 0.00222 | 0.047 | 1. 064 — 92.9 | 96.4 
—3. 3* 30 29 | 0.00248 | 0.050 | 1. 062 —_— 89. 7 93. 1 
—3. 3* 30 27 0. 00219 | 0. 047 | 1. 047 —_ 100 100 
—3. 3* 30 28 | 0.00193 | 0.044 | 1. 048 — 89.3 | 96.4 
—3. 3* 30 28 | 0.00217 | 0.047 | 1. 054 — 89.3 | 100 
—3. 3* 30 30 | 0.00140 | 0.037 | 1. 054 —_— 86. 7 | 100 
—3.3* | 30 28 | 0.00350 | 0.059 | 1. 066 — 67.9 | 89.3 
—3. 3* | 30 29 | 0. 00366 | 0. 061 1. 079 _ 96. 6 96. 6 





* Virus was incubated with various immune serums (see text). 
t Virus was inoculated into 54-day-old chickens. 
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DAYS AFTER INOCULATION 
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TEXT-FIGURE 1.—Course of erythroblastosis in 31 chicks injected intravenously 
with 0.1 ml. of plasma (dose group 1071, expt. 166, table 1). The rectangles with 
oblique lines indicate the occurrence of polychrome erythrocytes seen in blood 
smears taken at daily intervals except on Sundays (the 4th and 11th days after 
inoculation); stippling signifies the presence of erythroblasts; and the day of death 
is indicated by the black rectangles. 


a phenomenon not emphasized by Furth. This was evident in the appear- 
ance of “showers” of small spherical cells in diameter approximately, or 
slightly larger than, that of the shorter diameter of the normal erythrocytes. 
These cells possessed very little cytoplasm but were filled by the nucleus, 
which was highly basophilic and exhibited little structure. Within a few 
hours, 24 or less, these cells disappeared from the circulation, and the final 
pictures were dominated principally by increasing numbers of the larger 
erythroblasts and “lymphoid” cells, the latter showing in some cases 
vacuolated, basophilic cytoplasm and frequent mitotic figures. 

It was characteristic of erythroblastosis, as compared with myeloblas- 
tosis, that the number of circulating primitive cells (erythroblasts) did 
not reach extremely high levels. No counts were made in the present 
work, but it was judged that the numbers were of the same order as those 
indicated by Furth (20). The course of the disease in the young chicks 
was somewhat different from the one that Furth observed with older 
chicks. With the larger doses of virus the fully developed disease, de- 
termined by the appearance of erythroblasts, was seen as early as 72 
hours after inoculation, the average in this dose group of 31 chicks being 
about 6 days as shown in text-figure 1. The average time of death in 
the group of text-figure 1 was 9 days. At this time there was no out- 
ward evidence of anemia, and frequently the birds died suddenly without 
premonitory symptoms of illness. Others exhibited weakness of wings 
and legs, became unable to stand, and died after a brief period of respira- 
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tory difficulty. Death often occurred in the presence of relatively in- 
significant blood changes, as if in these cases death might be related to 
toxic response. 


Host Response 


Criterion of infection.—Quantitative measurement of host response is 
dependent on a reliable means for deciding whether a given dose has 
produced an effect. With the papilloma (7) and Rous sarcoma viruses 
(8), the criterion is the occurrence of palpable or visible tumors. In the 
case of myeloblastosis, disease was diagnosed (9) by the presence of 
myeloblasts in blood smears. Although simple recognition of the pres- 
ence or absence of disease will provide the data needed for measurement 
of all-or-none, or quantal, response, additional information is required in 
the study of tumor viruses. With these agents, it has been found that, 
under given conditions, the time after inoculation required for the de- 
velopment of disease, or latent period, provides a better basis for estimate 
of virus effect (/, 6) than the quantal response. For this reason, it is 
necessary to know not only whether effect was manifested but when some 
specific characteristic of the disease first became apparent. Obviously, 
the numerical time or latent-period relations will be dependent on the 
level of the process selected as the criterion, and the quantitative aspects 
of the subsequent analyses of host response will be affected by the accuracy 
of the judgment of effect. In addition to the theoretical considerations, 
the means for detection of disease must be compatible with the practical 
aspects of the investigations. 


The large numbers of chickens required for titration and bioassay of 
the viruses of myeloblastosis and erythroblastosis eliminate the possibility 
of detailed examinations of the tissues. In the former disease, however, 
the high concentration of primitive cells in the circulating blood provided 
the basis for reliable diagnosis from blood smears, which could be obtained 
and handled in large numbers (19). Such was not the case with erythro- 
blastosis, since the number of circulating primitive cells, erythroblasts, 
was too small and too variable for accurate detection in rapid examina- 
tions with the mechanical slide projector (19). Two further difficulties, 
observed by study of smears with the oil-immersion lens, were 1) transient 
though definite evidence of disease (numerous polychrome erythrocytes 
and polychrome erythroblasts) followed by sudden disappearance of the 
abnormal cells (without death of the host); and 2) death of the inoculated 
bird with blood changes notable only by the presence of small numbers 
of polychrome erythrocytes. 

Because of these complications the possibility was explored of using as 
the end point death—an irreversible process easily detectable within the 
relatively broad observational time intervals compatible with analysis. 
The practical usefulness of this criterion has been well established in the 
present work, as will be seen by the demonstration of a close correlation 
between virus dose and the period between inoculation and death. At- 
tending complications and uncertainties were only of minor import, and 
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most of these were eliminated either deliberately as obvious aberrations 
from the significant body of the response, such as deaths occurring very 
soon after inoculation, or mathematically by virtue of the character of 
the response, as illustrated later. It is notable here that whereas similar 
patterns of response were obtained both from diagnosis by blood smears 
and by death, the contribution of a particular bird to the characteristics 
of the response was not the same with the two criteria. Inspection of 
text-figure 1 shows that the duration of the process varied widely in the 
different birds and that the final response, measured by death, included 
not only individual variations in susceptibility and resistance to infection 
but variations in the period of development and termination of the process. 

Despite some uncertainty regarding its proper applicability to the 
present data, the term “latent” period has been employed to designate the 
time between inoculation and death. Actually, there would appear to be 
no difference in principle between latent period as applied to the various 
arbitrarily related levels of the disease process and “‘time-to-death” (21), 
which is no more than one, the ultimate, manifestation of the disease. 
The term is frequent in the literature, is easy to read, convenient in 
usage, and the data, based on death, are handled by the same statistical 
procedures employed with latent-period results in general. 

Latent-period response.—Studies were made on 5 pools of filtered plasma, 
each obtained from 4 or 5 chicks in advanced stages of erythroblastosis 
as indicated by relatively large numbers of erythroblasts in blood smears. 
The arrangement of the experiments and the various dilutions of the re- 
spective plasma pools are shown in table 1. In experiment 165, 7 dose 
groups were injected with 0.1 ml. of whole plasma and successive tenfold 
dilutions of it. Experiment 166 involved 11 dose groups given serial ten- 
fold dilutions of plasma. Groups 10-*, 10-*, 10-'°, and 10-" ml. plasma 
showed no response and were omitted from the table. There were included, 
also, in experiment 166, 6 dose groups, each given 10-** ml. of plasma in 
mixtures containing various quantities of an immune serum. Experiment 
168 comprised 3 groups given a series of 3 dilutions of virus and 10 groups 
given 10-? ml. plasma in mixtures with immune serum. The arrange- 
ment in experiment 169 was similar, with 6 dose groups injected with 
various dilutions of plasma alone and 10 other groups with 10-* ml. 
plasma in mixtures with immune serum. In experiment 171, there were 
5 groups of birds, 12 days old, which received tenfold dilutions of plasma; 
4 of these same dilutions were injected also into 54-day-old chicks. In- 
cluded in the same experiment were 18 groups given 10-** ml. plasma in 
mixtures containing immune serum. From this series of experiments 
there were available for analysis a total of 77 dose groups, each comprising 
initially approximately 30 inoculated chicks, yielding a total number of 
2,312. The corrected number of chickens included in or contributing 
to the computations, derived as described later, was 2,219. 

The results serving as the source of the data of table 1 are illustrated 
in table 2. In the latter table is presented the incidence of deaths, in 
experiment 165 (table 1), of inoculated birds in relation to the latent 
period, that is, the time elapsing between inoculation and death. At the 
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beginning of the work, deaths were recorded twice daily; later, it was found 
that notation once daily, at about 4 p. m., was sufficient for significant 
results. 

From the array of table 2, it is seen that the pattern of deaths in relation 
to time comprises, approximately, three parts. The first consists of 
a main body of values relatively closely grouped. Rather definitely 
separated from these are the widely scattered and unsystematically 
distributed data indicating chicks dying soon after inoculation. The 
third part is evident from the deaths tailing out in the last stages of the 
process. The scattered deaths occurring both early and late in the period 
of observation were a complication in the choice of data for analyses. 
It is evident that the scattered values representing early death are quite 
distinct from the principal body. Examination of the blood smears of 
the chicks dying early, indicated by italics, showed that most of the deaths 
could not be related to erythroblastosis by blood change. An occasional 
bird, however, did show evidence of the earliest stages of disease; for 
example, the three that died on the 8th day in dose groups 107°, 1075 
and 107° ml. of plasma. In the first chick, 10-*, there was only an occa- 


TABLE 2.—Time-frequency response of chicks to the virus of avian 
erythroblastosis in experiment 165 (table 1) 




















Latent period* | Dose log ml. plasma 
Days Log days | —7 -6 -5 -4 —3 -—-3 -1 
3 0. 477 1 1 1 
4 0. 602 
5 0. 699 1 1 
6 0. 778 1 1 
7 0. 845 | 1 1 2 
8 0. 903 1 1 1 s (3 
9 0. 954 1 il 
10 1. 000 1 4 10 
11 1. 041 4 9 13 4 
12 1. 079 3 6 5 1 
13 1. 114 | 1 6 7 2 
14 1. 146 | 2 10 2 
15 1. 176 1 2 1 1 
16 1. 204 2 
17 1. 230 1 1 
18 1. 255 
19 1. 279 1 
20 1. 301 } 1 1 
21 1. 322 
22 1. 342 | 2 
23 1. 362 
24 1. 380 | 
25 1. 398 1 
2 «Ci 1. 415 | 1 
| 
Total inoculated......... 30 30 30 30 30 30 29 
Cor. total inoculated..... 27 29 28 29 25 29 £29 
Number positivef........ 0 4 11 26 24 29 £«29 
.0 100 100 


Percent positive......... 0 13.8 39.3 89.7 96 





* Time interval between inoculation and death of the host. 
t Significant deaths employed for analysis of response (see text). 
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sional polychrome erythrocyte. This would have been diagnosed as a 
negative blood smear. Abnormalities, definite polychrome erythrocytes, 
were present in the 107° ml. chick, and many were seen in the bird of the 
10-* ml. dose. In none of these birds, however, did the level of disease 
seem sufficient to account fully for death. For these reasons and because 
of the small weight of the few instances of questionable significance, these 
early deaths, though the smears showed some evidence of disease, were 
omitted from the subsequent analyses. The premature deaths in a given 
dose group could be distinguished from the specific deaths either by 
inspection of the array, as shown in table 2, by definite separation from 
the primary response, or, with less chance of positive bias, by graphic 
statistical methods as illustrated in text-figure 2 for dose group 107° ml. 
of plasma (table 2). When the data of all the chickens which died are 
included, there is pronounced truncation at the lower end of the curve 
analogous to the truncation frequently occurring at the upper end of the 
response (see page 1110 and text-fig.3). The early deaths may be treated 
statistically in the same manner as those occurring late in the response 
(see page 1110). The influence of the omission of the chicks dying pre- 
maturely on the character of the response is shown also in text-figure 2. 
The subtraction of the chicks dying early from those inoculated gave the 
values cited as the corrected number of chicks inoculated. 
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TEextT-FIGURE 2.—Time-frequency distribution of chick response to the dose 10-* ml. 
of plasma in experiment 165, tables 1 and 2. The open circles are the responses 
of all chicks dying after inoculation. The closed circles represent the responses 
after elimination of the chicks responsible for truncation at the lower end of the 
curve (see third curve of text-fig. 3). 
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As will be seen, the scattered deaths toward the end of the period of 
observation, occurring almost entirely with the smaller doses of virus, 
did not constitute a practical problem. These data were eliminated 
automatically (see page 1110), since they were in a region of response not 
utilized in the computations. 

A more serious question was concerned with whether the deaths tabu- 
lated in the main body of data were due to the specific disease. Careful 
examinations of the smears of all these chicks (expt. 165) with the oil- 
immersion lens showed that in only two instances, 1 of the 10 chickens 
of dose group 107! ml. plasma (dying on the 10th day) and 1 of the 6 of 
group 10-* ml. (12th day), were the blood findings negative. The results 
of computations made when these were omitted were not significantly 
different from those with the chickens included. The data in this ex- 
periment were a good example of findings in the whole group of experi- 
ments. It was judged that the bias introduced by regarding all deaths 
as due to the disease was not sufficient to justify the considerable labor 
and final uncertainties of dubious diagnosis of individual smears. There- 
fore, all the chickens dying within the significant period, that is, the 
period following that of the deaths judged as premature, were included in 
the analyses. 

It is evident from the data of tables 1 and 2 that the chicks were highly 
susceptible to infection with the quantities of virus employed. All the 
chickens of table 2 died with the two largest doses, and only one sur- 
vived the 10-* ml. dose. Deaths occurred in diminishing numbers in the 
other dose groups. An obvious relationship between dose and latent 
period is also apparent. The relationship was such that, as in the case 
of myeloblastosis (9), the latent periods of the individual chickens were 
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TEXT-FIGURE 3.—Time-frequency distributions of chick host responses to graded doses 
of the virus of erythroblastosis (dose groups 10-! through 10-5 ml. of plasma, 
expt. 165, tables 1 and 2). The points with arrows upward above probit 7 signify 
100 percent responses. 
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spread over short periods of time (6 days with 10-' ml. plasma to 13 
days with 10-5 ml. plasma). Inspection indicates, further, that although 
the increase in latent period with diminishing dose was quite definite, the 
magnitude of increase between successive doses was not so great as that 
observed with myeloblastosis. Because of this, overlapping in the latent 
periods of individual chickens from one dose to another was greater in 
erythroblastosis than in myeloblastosis. The findings were similar in the 
other experiments. 

Analyses of the data were made as in the study of myeloblastosis by 
conversion to the time-frequency relations seen in the points in text- 
figure 3. In this procedure, the latent period in days was transformed 
to log latent period. Calculations were made of the accumulated inci- 
dence for each interval of observation, and the resulting percentages were 
converted to probits. These probits were then plotted against the suc- 
cessive latent-period intervals expressed as logarithms. By this means 
there was obtained a sequence of points for each dose, 5 in this experi- 
ment (165, table 1), since the responses to doses 10~* and 10~’ ml. of 
plasma were insufficient for analysis. Consideration of the data of the 
first two dose groups, 107! and 10-? ml. plasma, indicated that the rela- 
tionship between accumulated frequency, expressed as probits, and log 
latent period was essentially linear, which would suggest a normal dis- 
tribution (1) of the individual log latent-period responses for the total 
respective populations of test chicks in these two groups. Such, clearly, 
was not the case with the 10~* and 10~° dose groups; here, the points did 
appear to follow, possibly, an approximately linear relationship through a 
portion of the distribution, after which the subsequent points deviated 
sharply. A suggestion of deviation was seen with the dose 10-* ml. 
plasma (due to the survival of a single bird), although the relationship 
seemed linear through nearly its whole course. 


The statistics of the distributions were derived by procedures applicable 
in the respective instances. Analyses of the complete distributions in the 
various experiments were made by the computational methods of Bliss (21) 
for construction of analogous time-mortality curves. By this means there 
was derived, table 1, the median response and the variance for each dose 
group yielding 100 percent incidence with no deviation from the normal 
curve. In these instances the median log latent period, corresponding to 
the 50 percent response, was identical with the mean log latent period; 
that is, the average of the log latent periods of the individuals of the dose 
group. The variance for each dose group was calculated by the standard 
procedures from the distribution of the individual responses about the 
mean. 


Analyses of the truncated distributions were made in two steps. The 
preliminary computations were carried out with the procedures applied to 
such data by Ipsen, where the standard deviation is estimated from the 
truncated distributions [(22), p. 9]. The point of truncation was first 
located graphically by inspection of points plotted as in text-figure 3, and 
from the observed data of the first limb, calculations were made of the 
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median log latent periods, as well as the values of the standard deviation 
of the response of each dose group. These preliminary values are recorded 
in table 1 under the heading “median log latent period.”’ In this process 
the various standard deviations were determined for a significant number 
of dose-group responses (table 1) from which an estimate was obtained of 
the average standard deviation. This value for the present experiments 
was 0.052. 

With this value, calculations were made of the final respective median 
log latent periods with the procedures of Ipsen when the standard devia- 
tion is known [(22), p. 6]. The results are shown in table 1 in the column 
headed ‘‘median log latent period (c=0.052).”’ It is notable in table 1 
that, with few exceptions, these final values of median log latent period 
differed but little from those calculated in the preliminary step. 

The results of the calculations of variance of the distribution of response 
are given in table 1 in terms of log latent period. Comparisons show that 
the values of the standard deviation observed with the individual dose 
groups were remarkably uniform, varying at the extreme from 0.030 to 
0.077 with an average value of 0.052 calculated, as indicated above, from 
the weighted variance. 


These results constitute evidence of the high uniformity of chicken 
response under the conditions of the experiments. As a consequence, the 
slopes of the individual distributions may be regarded for practical pur- 
poses as essentially constant, and the values of the median log latent 
period obtained with the average standard deviation, 0.052, would be 
expected to constitute more precise estimates than those obtained by 
separate analyses of the individual dose groups of data. The close 
approximation of the observed points of experiment 165 to the lines 
drawn with constant slope (1/0.052) is seen in text-figure 3. 

It has been evident from the results described thus far that the latent 
period, the interval between inoculation and death of the host, in erythro- 
blastosis is closely related to viral dose. A similar relationship observed with 
myeloblastosis was such that the median log latent period (in that case the 
interval between inoculation and the onset of disease as diagnosed by blood 
smears) closely approximated a linear function of log dose. The present 
data were examined in order to learn whether the same relationship 
existed in erythroblastosis. In text-figure 4, the respective values of 
median log latent period (in days) for the various dose groups of the 
different experiments (table 1) were plotted against log dose. It is seen 
by inspection that the points do appear to be arranged in a linear fashion 
without any tendency toward systematic curvilinear deviation. With 
the assumption that the distribution was actually linear, preliminary 
straight lines were constructed through the plotted points by the method 
of least squares employing the weighted values of median log latent period 
in the computations. In this way there were obtained the individual 
slopes (table 3) for the various experiments, which were highly uniform 
and for practical purposes essentially constant. The average slope 
derived in these experiments was 0.054. This value was then employed, 
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TABLE 3.—The relationship of host response, in terms of mean log latent 
period, to mean log dose of the virus of erythroblastosis and the slopes 
of the regression lines in the individual experiments 























|; Mean | Mean re- 
Expt. No. dose log sponse log Slope 
ml. plasma days 

eee — 2. 780 1. 057 —0. 059 
SER ee er ree ec —3. 472 1. 082 —0. 053 
Eire areneare aaee | —2. 861 1. 106 —0. 057 
ere ee — 2. 927 1. 113 —0. 050 
171 (12-day chicks)........ —3. 477 1. 337 —0. 060 
171 (54-day chicks)........| —2. 525 1. 076 —0. 049 

WGN GRINS. .« « o.isi bocce die cas Dee renee | —0. 054 





finally, for drawing the lines through the observed data as shown in text- 
figure 4. The exceedingly close fit of the observed points to the lines of 
constant slope is self-evident. The applicability of these relations of 
median log latent period to log dose in the titration or bioassay of the 
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TExXtT-FIGURE 4.—Relation of mean log latent period in days to log dose of the virus 
of erythroblastosis in 12- and 54-day-old chicks in the respective experiments as 
summarized in table 1. 
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virus of erythroblastosis is adequately illustrated by the value of the 
precision index (23, 24), A, which was 0.96. The analogous value obtained 
(9) with the virus of myeloblastosis was \=0.6. 

Influence of host age and breed.—In myeloblastosis it was found (25) that 
age of the chick at the time of inoculation was a major factor in host 
susceptibility and response. For this reason, despite many complications 
associated with the use of very young chicks of the inbred White Leghorns 
of Line 15, inoculations were made routinely when the birds were 3 days old. 
The problem was still more complex with erythroblastosis because of the 
shorter incubation period, rapid death of the host after onset of the disease, 
and the loss of chickens dying prematurely. For these and other reasons 
it was desirable to employ somewhat older chicks, and experiments were 
made to measure the influence of age on susceptibility and response. A 
few experiments gave no evidence of difference between the responses of 
3-day-old and of 10-day-old chicks. As a result, the age limit was shifted 
to 12 days, and 5 of the 6 titrations of the present work were made with 
such birds. In order to obtain an estimate of the influence of age (or lack 
of it) on response, there was included in experiment 171 the titration of the 
virus in 54-day-old chicks, employing the same dilution samples as those 
inoculated into the 12-day-old birds in the same experiment. 

The results observed with the respective groups of 12- and 54-day-old 
chickens are given in table 1 (expt. 171), and the relations of median log 
latent period to log dose are shown in text-figure 4. In the latter it is seen 
that the points observed with the 54-day-old chicks are as good a fit to 
the line of standard slope as are those obtained with the 12-day-old birds 
and, consequently, that the patterns of response were identical for the two 
age groups. The responses were compared quantitatively on the basis of 
the respective potency estimates. This showed that the response of the 
12-day-old birds was approximately twofold that of the 54-day-old chicks— 
a difference close to the limits of significance of the method of analysis. 
It could be concluded, therefore, that age within these limits exerted little, 
if any, influence on host susceptibility, a very pronounced difference be- 
tween the respective responses to erythroblastosis and myeloblastosis. 

Because of the apparently high infectiousness of the virus for the inbred 
White Leghorns (of Line 15), it was thought possible that another strain 
or breed of test hosts, preferably one readily obtained from commercial 
hatcheries, might be employed instead. The breed of current local in- 
terest is the White Plymouth Rock, of the Arbor Acre strain, Glastonbury, 
Connecticut. Titration was made in 3 dose groups of 30 3-day-old White 
Plymouth Rock chicks each in experiment 165 (doses 10-?, 10~*, and 10~* 
ml. plasma) and again in 3 other groups of the same batch of chicks at 
10 days of age in experiment 166 (doses 10-?, 10-*, and 10~* ml. plasma). 
The results obtained in the two experiments are shown in the histogram of 
text-figure 5. It was clear that the White Plymouth Rock chicks were 
very highly resistant and were entirely unsuitable as test hosts for titration 
of the agent. This strong genetic effect on host response to erythroblas- 
tosis parallels that observed (18) with myeloblastosis. 
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TEXT-FIGURE 5.—Histogram comparing the incidence and latent period of erythro- 
blastosis induced in White Leghorn chicks, Line 15 (see text), with the occurrence 
in White Plymouth Rock chicks injected with the same dilutions of virus. The 
black areas show the results in 3-day-old White Plymouth Rocks in experiment 
165 and in 10-day-old birds of the same breed in experiment 166 (see table 1). 
The open areas in each experiment indicate the results in White Leghorn chicks 
(12-day-old birds in each case.). 
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Quantal response.—The data of some of the experiments (165, 166, and 
both parts of 171) were sufficient for study of the pattern of the quantal 
response or incidence of positive and negative inoculations in relation to 
dose. For purposes of analysis the observed values given in table 1 were 
adjusted to a common log dose scale and plotted, text-figure 6A, as 
percent incidence against log dose, which yielded a sigmoid-type relation. 
It was of interest, in view of current concepts (1, 6) of the character of 
host response to many viruses, to draw through the points the curve 
describing the theoretical Poisson distribution of one or more particles in 
suspension. The deviation of the points from the theoretical distribution 
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Text-rigure 6.—The relationship of incidence (quantal response) to log dose (ad- 
justed to a common log dose scale) of the virus of erythroblastosis in experiments 
165 (circles); 166 (squares); 171, 12-day-old chicks (triangles); and 171, 54-day- 
old chicks (inverted triangles). 

A. The points are the observed data, and the S-shaped curve represents the Poisson 
distribution (see text) drawn through the points of 50 percent incidence. 

B. The points represent incidence converted to probits, and the curve indicates the 
Poisson distribution drawn on probit scale. 

C. The straight line was drawn through the points (the same as those in B) by the 
method of least squares. 

is obvious but not nearly so pronounced as the analogous relationship 

with the virus of myeloblastosis (1). This is still better illustrated in 

text-figure 6B, in which the incidence in percent was converted to probits, 
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and the Poisson curve was drawn accordingly. From inspection, it is 
seen that the distribution of the individual points, in this probit plot, 
does not appear to curve and does not resemble the Poisson relation. 
Instead, as shown in text-figure 6C, the points are grouped fairly closely 
about the straight line drawn by the method of least squares. From this 
it may be judged that the relationship is approximately linear and that 
it signifies an approximately normal distribution of response to the virus, 
which, as in the case of myeloblastosis (1), is dependent on the similar 
distribution of resistance and susceptibility among the individuals of the 
test. 

The quantal response, with few exceptions, is the accepted basis for 
procedures applied to the titration of viruses and has been used by 
Fagraeus (26) in studies on erythroblastosis. In most instances (1, 6) the 
response yields results suitable for many purposes. Exceptions occur 
with some agents, particularly those responsible for the induction of 
tumors, as, for example, the viruses of rabbit papillomatosis, chicken 
sarcoma 1, and avian myeloblastosis. For a number of reasons (1), the 
quantal response in these cases is highly variable and far less well suited 
to quantitative titration and bioassay than some form of latent-period 
relation. The results obtained with erythroblastosis illustrate again the 
deficiences of the quantal response and the decided advantages of latent- 
period relations. For example, as already noted, the value of \=0.96 
was obtained in the analyses by the latent-period procedures in the 
present experiments. Analyses of the quantal response of the same 
chickens studied in 4 of the experiments yielding the latent-period data 
showed \ to be 1.19, which is only slightly higher than the value found 
for the latent-period response. However, since the average relative weight 
of individual quantal responses is only about 0.5, approximately twice as 
many chickens would be required (within the significant dose-response 
range) for assays of a given degree of accuracy with the quantal as with 
the latent-period response (cf. 24). 


Discussion 


It has been observed in the present studies on dose response to the virus 
of erythroblastosis that the median log latent period (period in days 
between inoculation and death of the host) is related in an essentially 
linear fashion to log dose of the agent. The relationship is applicable to 
titration and bioassay of the infectious properties of the virus under 
practical, routine conditions with a precision such that with practical 
numbers of animals the estimate in 2 of 3 measurements would be ex- 
pected to lie within 60 percent of the true value. The results described 
were dependent on the use of a particular strain of inbred White Leghorn 
chicks which are highly susceptible to infection with the virus. The 
findings did not differ qualitatively from those encountered previously 
with the virus of myeloblastosis. It was seen, however, that the slope 
of the dose-response curve, that is, the relationship between median log 
latent period and log dose, was shallow, the average being only 0.054, as 
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compared with the analogous steeper slope, 0.104, in myeloblastosis. As 
a consequence, the variation in estimates of level of infectivity, under 
comparable experimental conditions, is about twice (60 percent, in ery- 
throblastosis) that (35 percent) observed in myeloblastosis with the same 
number of chickens. Although greater precision would be desirable, the 
relationships are, nevertheless, suitable for numerous significant experi- 
ments. 

In addition to the knowledge of host response necessary for the establish- 
ment of relationships useful for the titration and bioassay of the virus of 
erythroblastosis, the present findings constitute the basis for certain 
comparisons of the two avian leukemias (erythroblastosis and myelo- 
blastosis) and the characterization of the virus entities responsible for 
the diseases. It has been evident from the present work, as well as from 
the results of earlier investigations (19, 27), that erythroblastosis and 
myeloblastosis may occur as wholly separate and distinct pathologic 
entities. Nevertheless, because both may be seen together under natural 
conditions or as the result of experimental transmission, there has been 
much difference of opinion (28) on the relationships, etiologic or otherwise, 
between the diseases. The issue is further clouded by derivation of one 
or both of the conditions from hosts exhibiting a different form of leukosis, 
neurolymphomatosis (29-31), for example, without evidence of either 
disease in the primary host. Some investigators have regarded the con- 
ditions as different expressions, determined by unknown factors, of 
infection with a single viral entity. Others have believed that the etiologic 
agents are distinct from one another. 

Whereas the conditions responsible for the observed phenomena remain 
uncertain, it is a matter of record that the disease myeloblastosis has been 
carried through multiple passages in large numbers of chicks in this 
laboratory by means of virus in, or derived from, filtered plasma without 
the occurrence of erythroblastosis. Judgment of the analogous status of 
the specificity of erythroblastosis studied here is not so well grounded, 
since passage has been made in fewer chicks, approximately 6,000 indi- 
viduals. In these, however, myeloblastosis has not been encountered 
thus far. This specificity, within the limits of applicability of the cri- 
terion, strongly suggests that the two conditions are separate disease 
entities. 

Pathologically the two diseases are distinct as attested by the wholly 
different cells, erythroblasts and myeloblasts, characterizing them. Of 
considerable significance are the differences, evident by comparison of 
the present results with those obtained in the earlier work with myelo- 
blastosis, between host response to the respective viruses. The latent 
period in erythroblastosis is far shorter than that in myeloblastosis (even 
when measured in the former by death as the criterion). The character 
of the respective dose-response curves observed in the same hosts (White 
Leghorns of Line 15) shows large differences, evident, for example, in 
the slopes of the relation of log latent period to log dose—0.104 for myelo- 
blastosis as compared with 0.054 for erythroblastosis. An outstanding 
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feature of host response in erythroblastosis is the slight influence of age 
on individual susceptibility and resistance, which, in contrast, was a 
determining factor in the transmission of myeloblastosis. 

It has already been reported (32) that morphologically, in the studies 
thus far, the virus of erythroblastosis is indistinguishable in electron 
micrographs from the agent of myeloblastosis. Yet the agent occurs in 
only a fraction, approximately 1 percent on the average, of the concen- 
tration in blood plasma found in myeloblastosis. The highest particle 
counts (32) in erythroblastosis are of the order of 10” particles per ml. 
of plasma as compared with 10” particles in myeloblastosis. As a con- 
sequence, although quantitative experiments have not been made, it 
would seem that host response in erythroblastosis, estimated in terms of 
viral potency in the induction of the disease, is greater than in myelo- 
blastosis. It has been noted that highly infectious plasmas from birds 
with erythroblastosis have not exhibited adenosinetriphosphatase activity 
in the micro-screening test. This does not indicate that the virus is 
devoid of activity, since the absence of reaction in the plasmas may be 
related to the recognized low concentration of the virus. 

The results of the studies on erythroblastosis and myeloblastosis do 
not justify more than superficial judgment of the etiologic relationships 
between these forms of leukosis. Further progress in the elucidation of 
this aspect of the leukosis problem is dependent on immunologic investi- 
gations. These have been undertaken and will be described in further 
reports. 


Summary 


Studies have been made on the qualitative and quantitative character- 
istics of host response to the virus of avian erythroblastosis. It was found 
that the relationship of median log latent period to log dose was essentially 
linear and that the relationship was suitable for the titration or bioassay 
of the agent. The virus was highly infectious for an inbred line of White 
Leghorn chicks and much less so for another breed of chicks. Age at the 
time of inoculation, in the range of 3 to 54 days, exerted little influence 
on the response of the host. The findings were discussed with respect 
to their bearing on interpretations of the etiologic specificities of the two 
avian leukemias erythroblastosis and myeloblastosis. 
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Bioassay of the Virus of Visceral Lym- 
phomatosis. I. Use of Short Experi- 
mental Period’ 


B. R. Burmester, Regional Poultry Research 
Laboratory, Agricultural Research Service, U. S. 
Department of Agriculture, East Lansing, Mich. 


Response of chickens to inoculation with the virus of visceral lympho- 
matosis extends over a relatively long period (1). When they are inocu- 
lated at 1 day of age, the first deaths with tumors may occur at as early 
as 4 weeks of age; however, deaths usually continue to occur for the next 
24 to 36 weeks. The average latent period, or days-to-death, and per- 
centage of deaths due to lymphomatosis are directly related to the dose 
of the virus. At best, however, bioassay is a relatively difficult and time- 
consuming procedure, conditioned by the long latent period and a rela- 
tively flat slope of the dose-response curve. Cumulative mortality 
curves (1) have shown that the range in percentage of tumors among lots 
that had received different doses of virus was greatest during the third 
month of life. This would suggest that the slope of the quantal dose- 
response curve would be steepest some time during this period. Since 
the percentage of deaths up to this period is seldom greater than 50 to 70 
percent with the strongest doses of inoculums thus far prepared, the 
latent period would not be expected to be a reliable criterion of potency, 
unless it can be shown that the latent-period response to this virus differs 
fundamentally from those which have been reported for other fowl tumor 
viruses (2-5). 

In an attempt to reduce the length of time required for bioassay and to 
take advantage of the closer dose-response relation during the early 
intermediate period, the incidence of tumors at intervals during the early 
response period has been investigated as a possible criterion of biological 
activity for assay of the virus. The results of 6 titrations and an analysis 
of the quantal response up to 56, 63, 70, 77, 84, and 112 days of age are 
given herein. The general response of the chickens in 4 of these titrations 
up to 200 and 270 days was reported earlier (1). 


Materials and Methods 


Day-old chicks of a susceptible line were inoculated by the intraperito- 
neal route with 7- to 10-fold dilutions of filtered preparations of the 
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visceral lymphomatosis strain RPL 12. The origin and characteristics of 
this strain, as well as the details of preparing the 3 different inoculums 
used in the 6 titrations, have already been reported (1). The first 4 
titrations involved approximately 60 chickens per dose group, and num- 
bers 5 and 6 involved approximately 90 and 520 chickens per dose group, 
respectively. A description of the inoculating procedure, the selection 
and care of inoculated chickens, and the collection of the data for titrations 
1 to 4 have also been given (1). Similar procedures and care were employed 
for the chickens of titrations 5 and 6, except that all birds of titration 5 
were destroyed at 64 days of age; hence, responses to older age periods 
are not available for this titration. 


Results and Discussion 


Almost all the deaths that occurred during the entire experimental 
period were due to the development of visceral lymphomatosis. Correc- 
tions (1) were made for those that died of other causes, and the percentage 
of positive cases was based on this corrected number. The data for a 
63-day experimental period and the identity of the virus preparations, 
length of storage in a CO, icebox, and dates of inoculation are given in 
table 1. Filtered plasma was the inoculum in the first titration, and 
positive reponses up to 63 days of age were obtained with doses ranging 
from log —1.0 to log —4.38 ml. of plasma. Filtrates of lymphomatous 
liver homogenates were used in the remaining five titrations, and positive 
responses were obtained with doses of filtrate equivalent to log —1.84 
to log —6.5 gm. of lymphoid tissues. 

The probit responses of the first three titrations fall into two segments, 
i.e., they are distributed about curves of two different slopes in each 
instance—as was observed by Bryan (3) for the responses of some lots 
of chickens, but not others of the same strains, to the Rous sarcoma 
virus. Such breaks in the dose-response curve were found, in the latter 
instance, to be associated with biologic truncations and were due to the 
occurrence of highly resistant and completely refractory chickens in the 
test lots. Similar truncated responses have been obtained by Eckert, 
Beard, and Beard (4,5) for myeloblastosis and erythroblastosis in chickens. 
It is probable that results of the present investigation reflect a similar 
type of heterogeneity among susceptibilities of individual test chickens. 
The truncation observed in titration 3 was only slight with responses 
to 56 days but increased with an increase in the length of the experi- 
mental period; thus, it was quite marked with responses up to 77, 84, 
and 112 days. 

The results of titrations 4, 5, and 6 are distributed about a single 
linear-regression line which extends over the entire dose range investi- 
gated. The fewer plotted points of titration 6 are compensated by the 
fact that over 500 chickens contributed to each of the points. These 
last three titrations suggest that with certain combinations of inoculum 
potency and lots of chickens, the probit-log-dose relationships may be 
linear throughout the entire useful dose-response range. 
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TaBLE 1.—Percentage of birds that died with visceral lymphomatosis within 63 days 
after inoculation with graded doses of several virus preparations 























| as Number per lot 2 
Titra- | Virus | bes ah | Date of ee 
tion | prepara- | CO, inocula- | Log dose | dha et 
No. tion | ior tion Total | Corrected (percent) 
| 
a. are | 9 4/17/52 —1.00 64 63. 7 55. 0 
| —1. 84 65 63. 8 45. 5 
| —2. 69 61 60. 2 43. 2 
|} —3. 54 65 65. 0 21. 6 
| | | —4.38 62 61. 0 9.8 
Bo 8 eee Seer eee | _— 66 66. 0 0 
| | | 
2 Se 13. | 5/6/52 | —1. 84 59 58. 5 66. 7 
| —2. 69 58 57. 2 57. 7 
| —3. 54 64 61. 4 40. 7 
— 4. 38 64 64. 0 17.2 
5. 23 60 60. 0 je 
ee: Sen ee — 59 59. 0 0 
3 | LI3......) 265 1/13/53 | —3.0 53 53. 0 45. 3 
| —40 54 53. 2 24. 4 
—§. 9 54 54. 0 3. 7 
| —6.0 56 56. 0 0 
4 Se 4 1/27/53 | —3.0 57 56. 0 50. 0 
|} —4.0 59 58. 1 25. 8 
| —5.0 55 54. 6 14.7 
| —6.0 60 60. 0 1.7 
| —7.0 56 56. 0 0 
| Controle .|..4...5.. BO eceniseeravares — 58 58. 0 0 
| | 
5 (i ee 110 5/13/54 | —2.0 97 93. 0 71.0 
—3.0 98 89. 0 33. 7 
| —40 98 94. 0 11.7 
| —5.0 98 92. 5 3. 2 
—6.0 97 93. 2 0 
RMN ote dade ineesias _ 95 95. 0 0 
| 
6 ee 362 1/20/55 —2.5 | 522 | 521.0 37. 2 
| —4.5 | 521 520. 8 7.5 
—6.5 | 515 | 515.0 .8 
St See -— | 116 | 116.0 0 


| 





The incidence of tumors in relation to log dose is shown in text-figure 1 
for experimental periods of 56, 63, 70, 77, 84, and 112 days, in titrations 1 
through 4 and 6. Similar relationships for titration 5 are given only for 
the 56- and 63-day periods. These results were plotted in terms of 
probability units and the regression lines drawn by sight. 

Inoculums for the first three titrations that show truncated dose- 
response relationships came from the same donors. Thus the filtered 
plasma used in titration 1 came from the same lymphomatous birds that 
supplied tumors for the preparation of inoculum L13. The latter was 
used, after 13 days of storage in a CO: icebox, for titration 2 and, after 
265 days of storage, for titration 3. It is quite possible that the donors 
for these 2 inoculums (P1 and L13) had a much higher virus content 
than the donors used for the preparation of inoculum L16, which was 
used for titrations 4, 5, and 6. This is indicated by the greater response 
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DOSE in Log. ml. PLASMA or gm. TUMOR EQUIVALENT 


TEXT-FIGURE 1.—The relationship between the dose of virus and the percentage of 
deaths from visceral lymphomatosis (expressed in probits) at various intervals 
after inoculation. The symbols ©, @, A, Y, ©, and © represent experimental 
periods of 8, 9, 10, 11, 12, and 16 weeks, respectively. 


in titrations 1 and 2, and, together with the higher doses employed, 
could account for truncation occurring at the third dilution. Trunca- 
tion is less obvious in the third titration because the larger doses were not 
used. It thus would seem that truncation becomes apparent when high 
doses of virus are used on lots of test chickens, some of which are highly 
resistant. It would appear further that the initial segment of the trun- 
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cated responses, which has the steeper of the two slopes, corresponds to 
the single slope of titrations 4, 5, and 6. 

Comparison of the dose-response curves obtained at successive 7-day 
intervals from the 56th to 84th day and at 112 days showed that the 
character of the response within any 1 experiment did not change during 
the interval examined. Titrations that showed truncation at the 56th 
day or, more markedly, by the 63rd day, retained this character, and 
titrations that showed single-response curves at 56 days also showed 
the same type of response after longer experimental periods. Although 
the incidence of tumors increases with time at each dose level, the char- 
acter of the curve remains essentially the same, and no advantage would 
be gained in terms of regularity of results by postponing the observations 
to a time later than about 9 weeks. 

Since the slope of the dose-response curve largely determines the 
accuracy of a bioassay for any given sample size, it was of interest to 
determine whether an optimum experimental period could be determined. 
The slope (6) for each response curve was estimated graphically and 
Gaddum’s precision index (6,7) X calculated. These indices for the six 
titrations and the six experimental periods are given in table 2. 

The minimum average \, 1.34 for the 5 titrations, 1 to 4 and 6, occurred 
at the 63-day period; however, in only 2 of the individual titrations was 
the apparent minimum at the 63-day period. In a third titration, the 
lowest \ occurred at the 63- and 84-day periods. In two others, titrations 
1 and 6, the minimum was at the 70- and 84-day periods, respectively. 
It is apparent that there was a greater variation in \ between titrations 
for the same experimental period than between periods within any one 
titration. This suggests that unknown factors or others which are not 
possible to control vary between titrations and may have a significant 
influence on the character of the response.. This in turn may influence 
the precision of titration. It is quite probable that titrations conducted 
with test chicks from other sources or with other preparations or strains 
of the same virus may require different experimental periods for the great- 
est accuracy under existing conditions. 


TABLE 2.—Precision indices* at various experimental periods 























Titration Experimental period (days) 
No. 56 ClU|tCS 70 77 84 112 
| 
1 1.43 | 1.39 1. 23 1.54 1. 80 1. 54 
2 1. 06 1. 05 1.15 1. 06 1. 05 1. 21 
3 1. 09 | . 93 1. 07 1. 00 1. 10 1. 14 
4 1. 67 1. 52 1. 75 1. 92 2. 08 1. 92 
5 1. 12t 1. 35t — ne - a 
6 2. 00 1. 82 1.79 1.75 1. 70 2. 00 
Average | 1.45 1. 34 1. 39 1. 45 1.57 | 1.56 
| 








* Precision index (6,7) whe! (when 6 is slope for regression of probits on log dose). 
t Omitted from averages. 
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By an extension of the regression lines of the 63-day responses, it can 
be estimated that the LD50 of the plasma used in titration 1 was log 
—2.5ml. The L13 inoculum gave similar responses for the titration after 
storage for 13 and 265 days with an LD50 of log —3.3 gm. of tumor. 
The L16 preparation seemed to have lost some of its activity during stor- 
age, since the estimated LD50 increased from a dose of log —3.1 gm. of 
tumor at 4 days’ storage to log —2.6 gm. at 110 days and log —2.0 gm. at 
362 days of storage. However, it must be recognized that such an ap- 
parent shift in potency may also be the result of a variation in the suscepti- 
bility of the test chickens. All preparations were sealed in glass and 
were stored in a solid-CO, box. 

A precision index of 1.31 (average of the six titrations) is within the 
range that has been reported for other animal viruses, particularly those 
which cause neoplasia (7). On the basis of this index, it can be estimated 
(7) that a standard error corresponding to an error factor of 2 (100%) 
may be expected in the bioassay of this virus when 75 chickens are used 
for each preparation to be tested, or 25 chickens per group for each of 3 
dose groups which fall within the significant range. If a maximum error 
(i.e., 2 X S.E.) of 100 percent is desired, then the total number of chickens 
required must be increased to 300 per material assayed, or 100 in each of 
3 dose groups. 


Summary 


Bioassay of the virus of visceral lymphomatosis was studied in six 
titrations, involving a total of 3,566 chickens. 

It was found that when the percentage of birds that died with lymphoid 
tumors, expressed in probability units (probits), was related to the log 
dose, two types of response curves were obtained. Three titrations gave 
truncated response curves with different slopes for each of the two seg- 
ments of the curve. The remaining three titrations gave results which 
were distributed about a single linear-regression line. It was suggested 
that differences in the viral potency of the original preparation, together 
with occurrence of highly resistant individuals among the test chicks, 
may account for the variation in the character of the responses. 

An experimental period of about 9 weeks appears to be optimum for 
bioassay when viral potency and host susceptibility are of the order of 
those employed in titration reported. The average precision index \ for 
the six titrations was 1.31. 
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On the Development of Leukemia in 
Four Low-Leukemic Strains of Mice 
Following Injection of a Small Dose 
of 9,10-Dimethyl-1,2-Benzanthracene 
into the Thymus”? 


Racna Rask-NIELsEN,* The University Institute of 
Biochemistry (Head: Professor R. Ege, Ph.D.), 
Copenhagen, Denmark 


The role of the thymus in the development of leukemia was shown in 
1944 primarily by McEndy, Boon, and Furth (1), who demonstrated that 
thymectomy strikingly reduced the incidence of leukemia in the high- 
leukemic strain AK. Later experiments (2) showed that this applied to 
C58 as well. Removal of the thymus also decreased the incidence of 
leukemia induced by X rays in C57BL mice (3) or by methylcholanthrene 
in DBA (4) and in F; hybrid mice resulting from matings of high-leukemic 
females and low-leukemic males (5). 

Previous experiments from this laboratory also have indicated the 
primary role of the thymus in the development of leukemia. These 
experiments (6,7) showed that injection of a very small dose (0.02 mg.) 
of 9,10-dimethyl-1,2-benzanthracene directly into the thymus of Street 
(ST) mice induced lymphosarcomatous thymic tumors in 13 percent of 
the experimental animals. In a few cases the leukemic infiltration had 
spread to other organs. Direct injection of the same dose of the hydro- 
carbon to other tissues (lymph nodes, spleen, bone marrow, liver, kidney, 
testis, subcutaneous tissue, skin) did not induce such tumors. Even by 
administration of a very large dose (0.5 mg.) of 9,10-dimethyl-1,2-benzan- 
thracene, it was not possible to induce lymphosarcomatous tumors in 
lymph nodes and spleen (7). Furthermore, subsequent experiments (8) 
showed that when 0.02 mg. doses of other hydrocarbons, such as dibenzan- 
thracene and methylcholanthrene, were injected directly into the thymus, 
thymic lymphosarcomas developed in 6.7 percent in the first instance 
and in 10.4 percent in the second, whereas injection of the same dose of 
benzpyrene had no effect. 

The investigations on the susceptibility of the thymus to direct injec- 
tion of 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene have now been 
extended to mice of other strains, viz., DBA, C3H, and C57BL. The 
results of these experiments are reported in this communication, and the 
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results of the previous experiments (6,7) are also included for the sake of 
completeness and comparison. 


Materials and Methods 


The mice used were of the inbred strains DBA, C3H (with the mammary 
tumor agent), and C57BL, all bred in this laboratory by brother X sister 
mating. They were kept in metal cages, five to each cage, and were fed 
wheat and rolled oats with a supplement of cod-liver oil and yeast; the 
supply of drinking water was unrestricted. The experimental mice and 
the controls were litter mates and where possible the same number was 
used in both groups. At an age of 5 to 7 weeks the experimental mice 
were injected with 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene dissolved 
in 0.01 cc. of paraffin by the technique used in the previous experiments 
(6-8). A needle was inserted at the upper border of the manubrium 
sterni and plunged downward 2 to 3 mm. immediately behind the sternum, 
where the hydrocarbon was deposited from a syringe. 

All mice were allowed to live until spontaneous death occurred and all 
were autopsied. In order not to miss initial, grossly invisible leukemic 
changes, the thymus, lungs, liver, spleen, and kidneys from all animals 
were examined microscopically. In most cases where leukemic lesions 
were found or suspected, peripheral lymph nodes, even if not enlarged, 
were examined as well. 

Experiments 


The number and age at death of the experimental and control mice are 
shown in table 1, and the development of leukemia and pulmonary 
adenoma in the experimental mice are shown in table 2. In the litter- 
mate controls no case of leukemia developed and only one case of pul- 
monary adenoma (in a 17-month-old C3H mouse). The development of 
these growths in other untreated mice bred in the laboratory at the same 
time is shown in table 3. The spontaneous incidence of these neoplasms 
is 0 to 1 percent, which is in conformity with the findings in other 
laboratories. 


TABLE 1.—Number and age at death of experimental and control mice 





Number of animals surviving to age (in months): 











Strain 
3 | 6 | 9 | 12 | 15 | 18 | 21 | 24 | 27 
Experimental mice: 
aay 64 | 62 | 57 | 54 | 43 | 24 | 8 | 1 | O 
Ratan 55 | 53 | 51 | 50 | 34 | 16 | 2 | oO 
— eaegpeemed 53 | 33 | 19 7 0 
aap 68 | 31 | 25 | 15 | 14 | 1 | 6 | 4 | oO 
| | 
Control mice: 
Se 23 | 23 | 20 | 15 | 14 | 10 | 4 | oO | 
a ease 36 | 35 | 28 | 26 | 16 5 11/0 | 
NS RE 40 | 36 | 23 | 13 7 2 | 0 
ERAS: 77 | 43 | 32 | 16 | 12 | 6 | 4 | 2 | 0 
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From table 2 it appears that the injection of 0.02 mg. of 9,10-dimethyl- 
1,2-benzanthracene into the thymus induced leukemia in 19 percent of the 
DBA mice, in 13 percent of the C57BL mice, and in 13 percent of the ST 
mice, whereas it cannot be decided whether the 1 case of leukemia in an 18- 
month-old C3H mouse was spontaneous or induced—most probably it 
was the former. Still it should be mentioned that among 35 C3H mice 
2 mice, 5 and 7 months old, developed leukemia following injection of 
0.1 mg. of 9,10-dimethyl-1,2-benzanthracene into the thymus, whereas 
no leukemia was observed in 31 C3H mice injected with 0.05 mg. of this 
hydrocarbon. 


TaBLE 2.—Development of leukemia and pulmonary adenoma in experimental mice 





| Mice with leukemia Mice with 

















Nun- | Total a | Generalized pulmonary 
Strain | berof| incidence Thymic tumor | leukemia adenoma 
| mice | P r 
lx ' : Age | ay ge ; Age 
| No. | Percent | No. | (months) | No. (months) No. (months) 
| —| — — 
BRA..... 6s 121 429 5 |6, 15, 17,| 7 | 7,7,13,16, | 12| 15-20 
19, 20 >1’ 22/22 
> 55 1 2 1 | 18 1 19 
C57BL...| 53 | 7| 418 6 | 4, 4, 5, 5,/ 1 | 11 
5, 6 
ee 68 9 13 912, 4% & 4! 2) 19, 26 
{7m | 
13 





























The age of the leukemic mice is also given in table 2. In ST mice the 
thymic tumors killed 5 out of 9 animals before the age of 5 months; all 
C57BL mice died at less than 7 months of age. In the DBA strain, most 
cases of leukemia were found in older mice, 9 out of 12 living to be more 
than 13 months irrespective of whether they had a thymic tumor or gen- 
eralized leukemia. Furthermore, a thymic tumor, which on microscopic 
examination was found to be a spindle-cell sarcoma, was observed in a 
17-month-old C3H mouse. 

The carcinogenic treatment also induced pulmonary adenomas, as listed 
in table 2, in 12 out of 64 DBA mice, i.e., in 19 percent of the mice. In 
the other strains the incidence did not exceed that observed in the controls. 

The incidence of other types of tumors was identical in the experimental 
and control groups. This applies to hepatomas, found in approximately 3 
percent of DBA mice and in 7 percent of C3H mice, and to mammary 
carcinomas, the incidence of which was 25 percent, 20 percent, and 2 
percent in DBA, C3H, and ST mice, respectively. 

Gross evidence of leukemia.—The leukemic lesions were types usually 
observed in mice. In all cases listed as thymic tumors autopsy revealed 
such a tumor and no other grossly visible leukemic changes. The term 
“generalized leukemia” refers to cases exhibiting other signs of leukemia. 
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As noted in table 2, 5 of 12 cases of leukemia, in DBA mice were thymic 
tumors. Seven mice had generalized leukemia, in 1 case coexisting with a 
thymic tumor. The following conditions were observed: enlargement of 
peripheral lymph nodes (up to 4 mm. in diameter) in 3 of the 7 mice, of 
mesenteric lymph nodes in 2, of the spleen in 1, and of the liver in 2, and 
rather extensive perirenal infiltration in 2. Two of the 7 cases showed no 
gross signs of leukemia, but microscopic examination revealed leukemic 
lesions. 

The only case of leukemia in a C3H mouse showed some enlargement of 
lymph nodes and spleen in addition to a thymic tumor. All seven C57BL 
mice had thymic tumors, in one instance with slightly enlarged lymph 
nodes. 

In the ST mice all cases were thymic tumors and showed no other grossly 
visible changes. This contrasts with the spontaneous leukemias in this 
strain (table 3) where 2 out of 18 cases were isolated thymic tumors and 
16, generalized leukemias. Yet, in 5 of these 16 cases, a thymic tumor was 
present. 


TABLE 3.—Development of leukemia and pulmonary adenoma in untreated mice 














is | Generalized leu- | Pulmonary 
oo Thymic tumor kemia adenoma 
Strain | of onien | 
No Age No | Age No Age 
| —— (months) | + (months) Nees (months) 
| nee 489 | | 1 is | | 
RRS 151 2 16 
Seegegeaats 134 1 8 | 
_. ae 1, 714 2 6,11 16 5-28 13 12-28 
| | 








Microscopic observations.—The leukemic lesions were of the ordinary, 
well-known type, manifesting themselves as perivascular infiltrations of 
the lungs and liver. In a few cases, a somewhat more diffuse infiltration 
was observed in the liver, and in one case (a plasmacytoma) the leukemic 
cells formed compact nodules in the liver tissue. In the thymus, spleen, 
and lymph nodes, ordinary massive infiltration with partial or entire 
obliteration of the normal structure was seen. The leukemic infiltrations 
that had been verified microscopically were often far more widespread 
than the grossly visible changes indicated. 

The frequency of leukemic lesions in the various organs is indicated in 
table 4. The leukemias showed a decidedly more pronounced tendency to 
involve the liver and spleen in DBA mice than in the other strains. In 
C57BL and ST mice the thymic tumors nearly always showed perivascular 
spread in the lungs. In the DBA mice, on the other hand, pulmonary 
infiltration was present in only 3 out of 12. 

The malignant cells forming the leukemic lesions were of two types, viz., 
typical stem cells and plasma cells of various grades of differentiation. 
The morphology of these plasma-cell leukemias will be described, together 
with that of other plasma-cell leukemias found in several strains of mice 
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TaBLE 4.—Distribution and frequency of microscopic leukemic lesions in organs of 
experimental mice 









































a Number of mice with leukemic lesions in: 
Strain leu- 
kemic A : vs _| Lymph 
me Thymus| Lung | Liver | Spleen | Kidney | pte 
with thymic tumor. 5 5 1 3 3 1 — 
DBAi{with generalized 
leukemia........ 7 2 2 4 6 0 4 
C3H with generalized leu- | 
RE ara 1 | 1 0 1 1 1 1 
with thymic tu- 
- I ris oo ecarece 6 6 6 | O 2 0 }; — 
C57BLy vith generalized 
leukemia...... , &# f 8 8 i } 1 0 1 
ST with thymic tumor...| 9 9 | 7 | 2 |e 1 a= 
} | 








(9). Plasma-cell leukemias in ST mice have been reported previously 
(10). For details regarding the morphology of the plasma-cell leukemias 
found in the present experiments and the criteria for the division into 
four differentiation grades, the reader is referred to these two papers. 
Transitional forms between stem cells and plasma cells were not observed. 

Table 5 gives the distribution between these types of leukemias. It 
will be seen that all leukemias, spontaneous and induced, in DBA, C3H, 
and C57BL mice were plasma-cell leukemias. In ST mice all induced 
and all but two spontaneous leukemias belonged to the stem-cell variety. 

No difference in the localization of the leukemic lesions of the stem-cell 
and of the plasma-cell types could be detected. 

Two experiments were performed to elucidate the question of the extent 
to which leukemia may develop from other leukopoietic organs. The same 
dose of 9,10-dimethyl-1,2-benzanthracene (0.02 mg.) was injected into the 
spleen and into the right inguinal lymph node of DBA, C3H, and ST 
mice by a technique described previously (7). The number of experi- 
mental mice, the development of leukemia, and the age of the leukemic 
mice are shown in table 6. 


TaBLE 5.—Distribution of types of leukemia occurring in experimental and untreated mice 


























Experimental mice Untreated mice 
Plasma-cell | Plasma-cell 
Strain ay ow powene leukemias ov person leukemias 
of leu- jof stem- of leu- jof stem-} 
: | Grade of edhe Grade of 
—_ avert ei No.| differentiation —_ ah sa N | differentiation 
-B | 1 IIl| IV | I | If |IIl) Iv 
DBA....) 12 wziilziijs] 1 1} jal | 
1 1 1 1 a i | 
C57BL.. 7 7\2 2|2/1 1 | 1 | me 
Keaesa 9 9 \ | | 18 16 | 2 | 1|1 | 
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TABLE 6.—Development of leukemia following injection of 0.02 mg. of 9,10-dimethyl-1, 
2-benzanthracene into the spleen and inguinal lymph node 





























Injection into spleen Injection into lymph node 
Number Thymic | Generalized |Number| Thymic | Generalized 
Strain | tumor leukemia of tumor | leukemia 
ails fa experi- | 
mental Age in Age mental Age in Age 
mice ‘| (months) No. (months)| mice No. (months) No. (months) 
— einai —_ -— 
DBA....) 36 | 0 | im 411] 8 |1] 7 
C3H..... 29 | 0 | 1 9 32 | 0 | 0 
_ eee 76 1 8 | 1 20 84 2 4,5 | 0 























It was found that no cases of leukemia resulted from injection into 
the spleens of 36 DBA mice. Among 29 C3H mice there was 1 case of 
generalized leukemia in a 9-month-old mouse; among 76 ST mice 1 thymic 
tumor in a mouse 8 months old and 1 case of generalized leukemia in a mouse 
20 months old were found. This incidence scarcely exceeds the sponta- 
neous development of leukemia in these strains (table 3). The result 
agrees with the observation that splenectomy did not reduce the incidence 
of leukemia (1,3). 

Injection of the hydrocarbon into an inguinal lymph node in 34 DBA 
mice was followed by the development of a thymic tumor in 1 mouse, 
8 months old, and by generalized leukemia in another, 7 months of age. 
In 32 C3H mice no leukemias were observed and in 84 ST mice there 
were 2 thymic tumors (in 4- and 5-month-old mice). The development of 
leukemia can also be interpreted as spontaneous and is in accordance 
with the observation that injection of even a very large dose (0.5 mg.) 
of 9,10-dimethyl-1,2-benzanthracene into an inguinal lymph node was 
unable to induce local lymphosarcomatous growth in strain ST (7). 

Of the 7 leukemias found in these 2 experiments, the 3 cases occurring 
in DBA and C3H mice were of the plasma-cell variety, 2 being of differen- 
tiation grade II and 1 of differentiation grade I, whereas the 4 cases ob- 
served in ST mice were stem-cell leukemias. 


Discussion 


In the present experiments direct injection of a dose as low as 0.02 mg. 
of 9,10-dimethyl-1,2-benzanthracene into the thymus induced leukemia 
in three of the four inbred strains (table 2). Thus, it is evident that 
the thymus is not equally susceptible in all inbred strains or even in all 
low-leukemic strains. 

While ST and C57BL mice, with one exception, developed only thymic 
tumors, DBA mice presented 5 cases of thymic tumors and 7 of generalized 
leukemia (table 4). In the latter strain the leukemic cells seem to show 
a greater tendency to spread from the thymus into distant organs. This 
is in accordance with the much greater frequency of leukemic infiltration 
in the liver and spleen in DBA than in C57BL and ST mice. On the 
other hand, perivascular and peribronchial growth from the thymus 
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directly into the lungs was more common in C57BL and ST than in DBA 
mice. 

The carcinogenic treatment did not induce leukemia following injection 
into the spleen or lymph nodes, whereas injection into the thymus induced 
leukemia in up to 19 percent of the experimental mice. These results 
support the view that the thymus is the primary site of development of 
leukemia, even if they do not exclude the possibility that other organs 
also play this role in some cases of leukemia. 

Furthermore, it is evident from the experiments that not only stem-cell 
leukemia, but also plasma-cell leukemia may develop from the thymus. 
In C57BL and DBA mice only plasma-cell leukemia developed, in ST 
mice only stem-cell leukemia (table 5). In this connection it should be 
mentioned that a strong carcinogenic treatment, though not directly 
applied to the thymus, has been shown to increase the development of 
stem-cell leukemia in ST mice, while the development of plasma-cell 
leukemia did not exceed that observed in the controls (10). 


Summary 


In order to investigate the role of the thymus in the development of 
leukemia, 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene dissolved in 
paraffin was injected directly into the thymus of 64 strain DBA mice, 
55 strain C3H mice (with the mammary tumor agent), 53 strain C57BL 
mice, and 68 ST mice. Leukemia was observed in 12 DBA mice (19%), 
6 to 20 months old; 1 C3H mouse (2%), 18 months old; 7 C57BL mice 
(138%), 4 to 6 months old; and 9 ST mice (13%), 3 to 13 months old. 
Since the spontaneous incidence of leukemia in these strains was 0 to 1 
percent, it was concluded that very weak carcinogenic treatment was able 
to induce leukemia in DBA, C57BL, and ST mice but probably not in 
C3H mice. 

All induced leukemias in ST mice and all but one in C57BL mice were 
thymic tumors; in DBA mice 5 cases were thymic tumors and 7 cases 
generalized leukemias, only 2 of the latter showing leukemic infiltration 
of the thymus. Microscopic examination revealed that in DBA mice the 
leukemic cells showed a greater tendency to spread from the thymus to 
the liver and spleen than in C57BL and ST mice. In the latter two 
strains, on the other hand, perivascular and peribronchial invasion of the 
leukemic cells from the thymus into the lungs was more frequent than in 
DBA mice. 

All leukemias induced in the DBA and C57BL mice were of the plasma- 
cell type, and all those induced in ST mice were of the stem-cell variety. 

Direct injection of 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene into 
the spleens of 36 DBA, 29 C3H, and 76 ST mice was followed by the devel- 
opment of leukemia in 1 C3H mouse (9 months old) and in 2 ST mice 
(8 and 20 months old), an incidence which does not exceed that of spon- 
taneous development. 

Direct injection of the same dose of the same hydrocarbon into an 
inguinal lymph node of 34 DBA, 32 C3H, and 84 ST mice was followed 
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by the development of leukemia in 2 DBA mice (7 and 8 months old) and 
in 2 ST mice (4 and 5 months old). These cases also can probably be 
interpreted as spontaneous. 

It is concluded that the results of all three experiments support the 


view that the thymus is the primary site in the development of leukemia, , 
and that this applies to plasma-cell leukemia as well as to stem-cell 
leukemia. 
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On the Occurrence of Plasma-Cell 
Leukemia in Various Strains of Mice’? 


R. Rask-NietsEn * and H. GormseEn, The University 
Institute of Biochemistry (Head: Professor R. Ege, 
Ph.D.) and The University Institute of Legal Medicine 
(Head: Professor K. Sand, M.D.), Copenhagen, 


Denmark 


The occurrence of plasma-cell leukemia in mice was first reported in 
1951 in a paper on spontaneous and induced plasma-cell leukemias in 
Street (ST) mice (1). Later, transplantable plasma-cell leukemias were 
observed in AK mice (2) and in C3H mice (3; 4, see especially p. 1367). 

During the past few years we have observed a number of plasma-cell 
leukemias—spontaneous as well as induced—in DBA, DBA/2, C3H, 
C57BL, and CBA mice and in their F,; hybrids. Since this type of leu- 
kemia has not previously been reported in most of these strains, we feel 
justified in briefly describing our findings. 


Animal Material, Methods, and Results 


Table 1 presents the development of leukemia in mice of strains DBA, 
DBA/2, C3H (with the mammary tumor agent), C57BL, and CBA, as 
well as in the F, hybrids DBA X C57BL, C3H  C57BL, and DBA/2 x 
CBA. The animal material included both untreated mice and mice that 
had received treatment that proved to have no influence on the develop- 
ment of leukemia, viz., injection of 0.02 mg. of 9,10-dimethyl-1,2- 
benzanthracene into a lymph node, the spleen, lung, or subcutaneous 
tissue (5,6). Furthermore, plasma-cell leukemias have been included 
which have developed in experimental and control mice in a study dealing 
with the role of subcutaneously implanted thymic tissue—in some cases 
followed by injection of 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene 
into the grafts—in the pathogenesis of leukemia. So far no development 
of leukemic tumors in the grafts has been found and no difference in the 
incidence of leukemia has been observed in experimental and control 
mice, but the experiment has not yet been concluded. 

It will be seen that the incidence of spontaneous plasma-cell leukemia 
was 0.5 to 1.6 percent in all the inbred strains and about 4 percent in the 


DBA X C57BL and C3H X C57BL hybrids. 
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TABLE 1.—Spontaneous development of leukemia in mice 






































Development of leukemia 
j l rs _+. | Incidence 
li . . since | Plasma-cell leukemia of plasma- 
Strain : ~ | Stem-ce yeloi : cell leu- 
ber leukemia | leukemia | — == kemia 
(number) | | ered | ~ (percent) 
I | II |TIIV 
Rs wd oe dik oad 669 1 | 3 1/2 0.5 
Ss csv bike env wae 135 | 1 1 0.7 
ARERR Ee? 312 5 2\)3 1.6 
re 134 1 1 0.7 
Ee agit ora soa ate 149 1 1 0.7 
DBA X< C57BL..... 161 3 7 4);2/)1 4.3 
C3H X C57BL......| 168 | | 6 3/2) 1 3. 6 
DBA/2 X CBA......| 197 2 | 2 3:3 1.0 
WR 5 vaxcvisaxs 1,925 | 5 1 | 2% | 5} | 4| 4) 
} 











Table 2 shows the development of leukemia following injection of 0.02 
mg. of 9,10-dimethyl-1,2-benzanthracene into the thymus—a treatment 
which has previously proved able to induce leukemia in ST, DBA, and 
C57BL mice (5,6)—as well as following injection of 0.05 and 0.1 mg. of 
the hydrocarbon into the thymus (unpublished experiments). The 
incidence of plasma-cell leukemia in these experiments was 10 percent for 
DBA mice, 2.3 percent for C3H mice, and 13 percent for C57BL mice. 


TABLE 2.—Development of induced leukemia in mice 





Development of leukemia | 





| Plasma-cell leukemia | Incidence 























; of plasma- 
Strain | Number | Stem-cell | Quota af cell leu- 
leukemia | Pn stents Se kemia 
| (number) |X umber | . : (percent) 
| | |r | m | mr} Vv 
eee | 140 | 1 14) 3) 7/1 | 3 10 
tt ds eee ls | 129 | — 3 —| 2/1/;— 2.3 
a | 8 | — | 7 {| 2] 2] 2 | 13 
Total..........., 322 | 1 | | 5 | 11 | 4 | 4 











Tables 1 and 2 show that a total of 50 plasma-cell leukemias was 


observed. Of these, 26 developed spontaneously, whereas 24 must be 
called induced. 


Age at Death of Mice with Plasma-Cell Leukemia 


The age at time of death of the leukemic mice is given in table 3. 
Spontaneous plasma-cell leukemia occurred in all strains at ages ranging 
from 7 to 29 months, the average age being 19.3 months. Induced 
leukemia was observed in mice ranging in age from 4 to 22 months, 
average age 11.4 months. Induced leukemias were observed in young 
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mice, primarily in strain C57BL. Hence, plasma-cell leukemia develops 
chiefly in old mice. 

Mice with plasma-cell leukemia grade I had the shortest average age 
(11.3 months), but it increased to 18.2 months for grade IV cases. 


Pathologic Findings 


The pathologic findings in the 26 spontaneous and 24 induced plasma- 
cell leukemias are recorded in table 4. In all cases, the thymus, lungs, 
spleen, liver, kidneys, and peripheral lymph nodes were submitted to 
microscopic examination. The tissues were fixed in formalin, embedded 
in paraffin, and stained with hematoxylin-eosin, methyl-pyronine, 
azure-eosin, or by Foot’s method. 

The gross findings, as well as the nature and localization of the micro- 
scopic lesions, agreed in appearance with those in other types of leukemia 
and with the previous description of plasma-cell leukemia in ST mice 
(1). No difference between spontaneous and induced leukemias was 
noted. 

In 9 of 17 DBA mice and in 1 of 8 C3H mice the only gross leukemic 
manifestation was a thymic tumor. Microscopic examination revealed 
that in these strains, and also in mice which on autopsy exhibited only a 
thymic tumor, infiltration of the thymus, liver, and spleen was very 
common. In 7 out of 8 C57BL mice a thymic tumor was the only gross 
abnormality; microscopically, these mice exhibited no spread from the 
thymus to organs other than the lungs. Generalized gross and micro- 
scopic lesions were observed in the hybrid mice, but only about half of 
them had thymic tumors. In one DBA X C57BL mouse, enlargement 
of the liver was the only gross finding. 

The histologic changes in the present cases corresponded exactly to those 
reported in our previous publication (/), to which the reader is referred for 
cytologic details. As in our previously published cases, the plasma cells 
varied in maturity within wide limits from case to case. The classifica- 
tion into grades of differentiation is made according to our previously 
described criteria. In grade I the majority of the plasma cells are typical 
mature Marchalko cells (fig. 1); in grade IV (fig. 4) many of the cells are 
undoubtedly reticulum cells showing transition into plasma cells, histologi- 
cally resembling reticulosarcoma. Grades II and III (figs. 2 and 3) 
are intermediary varieties. In grade IV, Foot staining was faintly posi- 
tive, whereas in grade I it was definitely negative. In the intermediate 
grades it was questionably positive in some cases. There were equal 
transitions between the various grades. Transitions between stem cells 
and plasma cells were not observed. 

The grade of differentiation for the 26 spontaneous plasma-cell leu- 
kemias is given in table 1 and that for the 24 induced cases in table 2. 
Half the cases of each group belong to grade II, the remainder being equally 
distributed among grades I, III, and IV. Thus, the distribution of spon- 
taneous and induced leukemias among all four grades is identical. 
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A plasma-cell leukemia, grade III, originating in a 22-month-old DBA 
 C57BL mouse was transplanted, in 2 passages, into 10 corresponding 
F, mice with 100 percent takes and a survival time ranging from 28 to 46 
days. All the hosts exhibited a tumor at the site of inoculation and 
marked generalized leukemic lesions consisting of plasma cells, differentia- 
tion grade III. Since no abnormal globulin content was found in the sera 
from the grafted mice, the plasma cells having shown no evidence of 
globulin-producing activity—probably due to low differentiation—the line 
was discarded. 

Discussion 


When considering the development of leukemia in the present series, 
one is immediately struck by the relatively large number of plasma-cell 
leukemias in relation to other types of leukemia, particularly the stem-cell 
variety. We cannot advance any explanation; in part, it is presumable 
that the inbred strains concerned, and consequently their hybrids also, 
seldom develop leukemia and that the few leukemias which do occur in 
these strains develop in old mice. The fact that plasma-cell leukemia most 
frequently develops in old mice perhaps explains the predominant number 
of leukemias of this type as well as the larger number of spontaneous 
plasma-cell leukemias which occurred in the very old hybrid mice. (All 
the F,; mice, leukemic as well as nonleukemic, lived considerably longer 
than the inbred mice.) 

The equal distribution of the four grades of differentiation in spon- 
taneous and induced cases is possibly due to chance, but still it is worth 
noting. 

The increase in average survival time of mice with plasma-cell leukemias 
from grade I to grade IV is also noteworthy, as the most immature grades 
would a priori be expected to occur in the youngest mice. 


Summary 


The development of 26 spontaneous and 24 induced cases of plasma-cell 
leukemia in various strains of mice and in their F, hybrids is reported. 
The average ages at death in spontaneous and induced cases were 19.3 
and 11.4 months, respectively. 

The incidence of gross and microscopic leukemic lesions corresponded to 
the findings in other types of leukemia. There was no difference between 
the leukemic lesions in the spontaneous and the induced cases. 

Half the plasma-cell leukemias belonged to differentiation grade II, 
whereas the others were equally distributed among grades I, III, and IV. 
The spontaneous and induced cases showed the same distribution among 
the grades. 

Mice with plasma-cell leukemias of grade I had the shortest average 
survival time (11.3 months); those with grade IV lesions, the longest 
(18.2 months). 

One grade III plasma-cell leukemia was transplanted with 100 percent 
takes. No abnormal serum proteins were found in the hosts, the plasma 
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cells thus showing no evidence of globulin-producing activity—probably 
due to their low differentiation. 
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PuaTE 101 


Ficure 1.—Plasma-cell leukemia. Differentiation grade I. Predominantly mature 
plasma cells. From thymic tumor of C3H female mouse, 14 months old, injected 
at 6 weeks of age with 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene into the mam- 
mary tissue. Hematoxylin and eosin. XX 1,080 


FiGuRE 2.—Plasma-cell leukemia. Differentiation grade II. Rather immature, 
polymorphous plasma cells. Note mitosis. From liver of DBA male mouse, 22 
months old, injected at 5 weeks of age with 0.02 mg. of 9,10-dimethyl-1,2-benzan- 
thracene into the thymus. Hematoxylin andeosin. XX 1,080 
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PLATE 102 


Ficure 3.—Plasma-cell leukemia. Differentiation grade III. Highly immature, 
polymorphous plasma cells. From spleen of DBA male mouse, 21 months old, 
injected at 5 weeks of age with 0.02 mg. of 9,10-dimethyl-1,2-benzanthracene into 
the thymus. Hematoxylin and eosin. X 1,080 


igure 4 Plasma-cell leukemia. Differentiation grade IV. teticulosarcoma-like 
pattern with highly polymorphous cells showing some differentiation toward plasma 
cells. Note mitosis. From liver of untreated CBA female mouse, 12 months old. 
Hematoxylin and eosin. < 1,080 






































Histochemical Demonstration of Pro- 
teolytic Activity in Human Neoplasms’! 


M. S. Burstone,’? National Institute of Dental 
Research,’ Bethesda, Md. 


Although there have been many quantitative studies of proteolytic 
activity in tumors, the findings have been somewhat equivocal (1,2). 
Since quantitative studies may not reveal certain tumor-stroma relation- 
ships, the present work deals with the microscopic demonstration of 
aminopeptidase in a series of human neoplasms by a histochemical 
procedure (3). A comparison is also made with various non-neoplastic 
tissues. 

Materials and Methods 


A group of fresh surgical specimens, including normal, hyperplastic, 
inflammatory, and neoplastic tissues, were frozen and dried, infiltrated, 
and embedded in paraffin according to a previously described procedure 
(4). None of the tumors had been irradiated. The blocks were sectioned 
serially at 6 microns, and representative sections were stained with 
hematoxylin and eosin. 

For the enzyme studies, serial sections were incubated in substrate 
solutions containing either t-leucyl-8-naphthylamide‘ (3) or pt-alanyl-f- 
naphthylamide (5). Dry-mounted sections were deparaffinized in two 
changes of petroleum ether (4 minutes in each), run through absolute 
acetone (1 minute), 95 percent acetone (1 minute), rinsed briefly in 85 
percent acetone and in distilled water, and then placed into the substrate 
solution. With the leucyl compound, 1 ml. of a 1 percent stock solution 
was added to 40 ml. of distilled water and 10 ml. of 2 M phosphate 
buffer, pH 6.9. (It is important that the pH be adjusted as carefully as 
possible.) Thirty mg. of Garnet GBC* were added, the mixture shaken, 
filtered into a coplin jar, and used at room temperature. With the 
alanyl substrate a stock solution was prepared by dissolving 130 mg. of 
the alanyl compound in a few cubic centimeters of methanol, and then 
heating with 500 ml. hot distilled water until complete solution was 
effected. To 40 ml. of this solution were added 10 ml. of phosphate buffer 


! Received for publication November 28, 1955. 
? The author wishes to thank Dr. Louis B. Thomas and staff, Laboratory of Pathology of the National Cancer 
Institute, for their cooperation in obtaining the surgical specimens. 
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5 Diazotized o-aminoazotoluene. Imperial Chemical Industries, Manchester, England. 
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and diazonium salt as previously described. As determined by prior 
incubations, sections of higher activity were incubated for 2 to 4 hours 
at 25° C., while those less active were incubated for 16 to 18 hours at 10° 
C. Following incubation, the sections were washed for several minutes in 
tap water, counterstained with chrome-alum hematoxylin (H2SO, omitted), 
washed in tap water for 15 minutes, and mounted in glycerol-gelatin. 

Tissues from the following series of malignant, benign, hyperplastic, 
normal, and inflammatory lesions were used: 


Neoplastic tissue ® Other tissue ® 

Poorly differentiated epidermoid Normal skin* 

carcinoma—antrum Normal gingiva* 
Epidermoid carcinoma—larynx* Human embryo 
Epidermoid carcinoma—lymph-node (30 and 50 mm. approx.) * 

metastasis Abscess (in one specimen of 
Epidermoid carcinoma—salivary-gland lung adenocarcinoma) 

area Inflamed gingiva 
Epidermoid carcinoma—fioor of mouth Hyperplastic dental pulp 
Epidermoid carcinoma—cervix Dental granuloma* 
Adenocarcinoma—liver and abdominal Dental radicular cyst* 

wall Rheumatic nodule— 
Adenocarcinoma—rectum subcutaneous 
Adenocarcinoma—parotid gland Polyp—colon 
Adenocarcinoma—lung Fibroepithelial polyp—neck 
Adenoma—parathyroid Cystic disease—breast 

Observations 
General 


As in a previous report on the distribution of aminopeptidase in normal 
tissues, active components stained shades of red. Parenchymatous com- 
ponents of visceral organs such as hepatic cells, kidney tubules, and pan- 
creatic acini reacted intensely. In general the alanyl substrate was more 
rapidly hydrolyzed and produced a more widespread reaction than the 
leucyl compound. (It was observed that the dye often showed a tendency 
to crystallize after several days or longer. This tendency may be mini- 
mized by treating the sections with pH 5 acetate buffer following coupling.) 
It should be emphasized that stromal elements of the previously studied 
normal tissues generally showed little or no activity with the leucyl sub- 
strate, but a somewhat greater activity with the alanyl compound (3). 
Moreover, in the present work it was observed that areas of presumably 
normal tissue adjacent to the lesions showed only slight or no appreciable 
stromal activity. However, activity of some fibroblasts in the lamina 
propria of the normal skin and gingiva was seen, in addition to a fairly 
strong reaction of some capillaries. 


Neoplasms 


In all the neoplasms studied, the connective-tissue stroma adjacent to 
the tumor exhibited an intense staining reaction. Stromal elements more 
distant from tumor cells generally reacted less intensely or not at all. It 


6 One case except where indicated by asterisk, which represents two cases. 
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should also be pointed out that the areas studied were relatively free of an 
inflammatory response or else exhibited a slight lymphocytic infiltration. 
In several epidermoid carcinomas there was degeneration of central areas 
of the tumor. Such areas contained polymorphonuclear leukocytes which 
stained rather intensely. 

Epidermoid carcinoma.—In all the specimens studied, cords and masses 
of tumor cells were usually “ringed” by a zone of intensely reactive fibro- 
blasts (figs. 1, 2, 4, and 8). Moreover, the basement membrane and 
adjacent border of tumor cells were often clearly defined. The uniform 
presence of this basal staining could not always be precisely ascertained 
because of the very intense reaction of the adjacent stroma. 

Peptidase activity in the case of the lymph-node metastasis was less 
striking. Nevertheless, many cords of tumor cells were surrounded by a 
highly reactive stroma. 

In one case of carcinoma from the larynx, the tumor which was asso- 
ciated with a dense lymphocytic infiltrate exhibited the characteristic 
stromal change. It was interesting to note that inflammatory areas not 
containing neoplastic cells did not react or else exhibited a paler, more 
diffuse staining reaction. The other carcinoma from the larynx exhibited 
basal staining, as previously described, and also an intense stromal reaction. 

The carcinoma in the area of the parotid gland exhibited the same 
enzyme characteristics as the aforementioned carcinoma from the larynx. 

The carcinoma from the floor of the mouth was also characterized by 
stromal activity which was generally more intense adjacent to the tumor. 
This specimen also contained muscle and salivary-gland tissue, the stroma 
of which showed no appreciable activity. 

Portions of the cervical carcinoma which had infiltrated the uterine 
wall exhibited the same stromal change. The sections studied, however, 
showed marked inflammatory response. 

Adenocarcinoma.—Adenocarcinomas from both liver and rectum ex- 
hibited areas of intensely staining stroma. The adenocarcinoma of the 
liver was particularly reactive (fig. 2), which made it difficult to assess the 
extent of staining of the basal tumor cells. This specimen also provided 
an opportunity to study adjacent “normal”’ liver, as well as an inflam- 
matory and a reparative process. As previously observed, the normal 
hepatic cells stained intensely; stromal elements were not active (3). 
Between the hepatic cells and the tumor there was a zone of granulation 
tissue diffusely infiltrated by lymphocytes and plasma cells. This zone 
either did not stain at all or reacted slightly, thus resulting in a striking 
contrast between the normal, neoplastic, and inflammatory elements in 
a single section. 

The adenocarcinoma of the rectum was composed of cords of somewhat 
pale-staining columnar cells (hematoxylin and eosin). Some cords of 
cells surrounded mucinous “lakes” which contained desquamated tumor 
cells. The stromal reaction was not so well-defined as previously observed, 
but it was very intense (figs. 3 and 4). 

The adenocarcinoma of the salivary gland also exhibited an intense 
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stromal reaction. In addition, some of the cells as well as abnormal muci- 
nous material were quite active (figs. 7 and 8). The adjacent normal paro- 
tid gland exhibited activity of duct epithelium only with the leucyl sub- 
strate. With the alanyl substrate the ducts and surrounding stroma 
reacted. 

The adenocarcinoma of the lung was largely composed of sheets of 
atypical polygonal cells with some areas of columnar differentiation. 
Within these sheets of cells were ‘islands’ of stroma which were infil- 
trated by lymphocytes and plasma cells. The basement membrane and 
bordering tumor cells stained similarly to some of the previously described 
epidermoid carcinomas. 

Parathyroid adenoma.—The “chief cell’’ parathyroid adenoma showed 
little stroma in the sections studied. The enzyme distribution was similar 
to that observed in the adenocarcinoma but was the least intense of any 
of the neoplastic lesions studied. 


Non-Neoplastic Tissues 


Normal skin and gingiva.—As previously indicated, human skin and 
gingiva exhibited little activity except for reaction of some capillaries in 
the lamina propria (fig. 5). The basement membrane and adjacent 
border of the basal cells also stained, but less intensely. Furthermore, 
activity in this area was somewhat variable in that some portions of the 
basement membrane were unstained. The gingiva exhibited an essen- 
tially similar response, except that the activity was greater than that 
observed in the skin. 

Human embryo.—Study of midsagittal sections through the embryonic 
heads revealed no appreciable activity of the connective-tissue stroma. 

Inflammatory tissue.—Tissues with chronic inflammatory changes ex- 
hibited greater stromal activity than normal specimens. Polymorpho- 
nuclear leukocytes and macrophages usually stained intensely. An 
abscess in one of the tumors studied (lung adenocarcinoma) stained in- 
tensely because of the dense concentration of polymorphonuclear leuko- 
cytes. In addition, intercellular areas stained somewhat diffusely. 

The epithelial covering of hyperplastic dental pulp showed some ac- 
centuated staining of its basement membrane as well as staining of some 
fibroblasts. This was also observed in the inflamed gingiva. Although 
in some areas small groups of fibroblasts stained, the over-all intensity 
of the reaction was not comparable to that seen in the tumors. 

The dental granulomas exhibited some groups of active fibroblasts but 
absolutely no activity around the proliferating epithelium (fig. 6). Giant 
cells present in one specimen stained intensely. The radicular cysts ex- 
hibited some staining in a few areas of the lamina propria. 

The rheumatic nodule showed the most intense activity of any of the 
non-neoplastic lesions. It should be noted, however, that this lesion 
was characterized by degeneration of the stroma. The fibroblastic ac- 
tivity was diffuse and less localized than that observed in the neoplasms. 


Journal of the National Cancer Institute 














C- 
ne 
oh 


ty 
ut 
nt 


»X- 


he 


on 


ns. 


tute 








PROTEOLYTIC ACTIVITY IN HUMAN NEOPLASMS 1153 


The polyp of the colon exhibited slight activity of the basement mem- 
brane surrounding mucous glands. The fibroepithelial polyp showed 
slight activity of the lamina propria. The activity in the breast lesion 
was also slight and was confined to the duct epithelium. 


Discussion 


In the routine examination of tumors stained with hematoxylin and 
eosin one occasionally sees evidence of stromal changes adjacent to tumor 
cells. Such changes are often characterized by a slight basophilic staining 
adjacent to the tumor which may suggest a “mucinous change.” In 
other cases, the adjacent stroma may appear loose and edematous. 
Underlying such subtle changes, as seen with nonspecific stains, may be 
an enzymatic breakdown of the connective-tissue stroma. 

Although there have been suggestions that neoplasms may induce con- 
nective-tissue changes during their growth process, such changes have 
not previously been demonstrated by microscopic histochemical enzyme 
methods (6,7). Of course, not all portions of a tumor may exhibit 
growth and invasive properties. This may explain the observation that 
not all stromal areas adjacent to tumor cells exhibited proteolytic activity. 
It is also suggested that highly invasive tumors would be expected to show 
the most activity. 

That the changes are not simply the result of an inflammatory infiltrate 
appears to be demonstrated by observations on inflammatory tissues. 
Even the highly reactive abscess did not exhibit the same characteristics 
as seen in the tumors. Although some scattered groups of fibroblasts in 
the granulomatous lesions stained, the reaction was not associated with 
the proliferating epithelium. Moreover, the basement membrane and 
lamina propria of the radicular cyst and epithelial polyp showed little 
activity. 

Further study of benign and malignant lesions is indicated in order 
to evaluate the possible use of this microscopic method for diagnostic 
pathology. 


Summary 


Histochemical study of a series of neoplasms revealed aminopeptidase 
activity in the stroma adjacent to the tumor. The normal and inflam- 
matory tissues studied did not exhibit a similar activity. 
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All photomicrographs taken by Mr. John McGuire at a magnification of 140. 
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Figure 1.—Poorly differentiated epidermoid carcinoma (antrum) showing intense 
stromal reaction adjacent to tumor (alanyl substrate). 


Ficure 2.—Adenocarcinoma in liver showing very intense stromal reaction (leucyl 
substrate). 
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Figure 3.— Adenocarcinoma of rectum stained with hematoxylin and eosin. 


Figure 4.—Similar section stained using leueyl substrate 
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Figure 5.—Normal skin (alanyl substrate). Even less activity is observed with the 


leucyl substrate. 


Figure 6.—Dental 


(leueyl substrate). 


granuloma. 


There is no activity adjacent to the epithelium 
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PLATE 106 
Figure 7.—Parotid adenocarcinoma stained with hematoxvlin and eosin. 
Fictre 8.—Similar section, leucyl substrate. Note the inactivity of the adjacent 
P ' 
salivary gland. 
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Histopathology of the Adrenal Glands 
of Rats Fed a _ Low-Protein, Low- 
Riboflavine Diet Alone, or with p-Di- 
methylaminoazobenzene!” 


A. Symeontpis* and A. S. Mutay, National Cancer 
Institute, Bethesda, Md. 


The relationship of the adrenal glands to the induction of liver tumors 
in rats fed p-dimethylaminoazobenzene (DAB) has been reported previ- 
ously (1). It was shown that removal of the adrenal glands, or the 
alteration of the hormonal balance by giving deoxycorticosterone acetate 
(DCA), prevented the induction of neoplastic liver lesions in rats fed 
DAB for 189 days. The low-protein, low-riboflavine diet used in these 
experiments and referred to from now on as “semisynthetic diet” is a 
diet used by most investigators, in conjunction with feeding of carcino- 
genic azo dyes, for induction of liver tumors in rats. This is a diet 
deficient by design, primarily intended to induce a high percentage of 
liver tumors. However, no critical study of the histopathology of the 
organs of the rats receiving such a diet has come to our notice. 

This paper describes the histopathologic changes produced in the 
adrenal glands of rats which received a semisynthetic diet, a semisynthetic 
diet with DAB, and a semisynthetic diet with DAB and DCA treatment. 


Materials and Methods 


Male Osborne-Mendel rats, 4 to 7 weeks old, were separated into 6 
groups. The number of rats examined in each group and the treatment 
they received are shown in table 1. Five of these groups of rats were fed 
the semisynthetic diet and the sixth group, National Cancer Institute 
(NCI) rat pellets. The first four groups received 0.06 percent DAB in 
their diet and the fifth group received no DAB. The rats in groups I and 
II were adrenalectomized and those in groups III and IV were left intact. 
The rats in groups II and III received deoxycorticosterone acetate while 
those in groups I and IV did not. 

The percentage composition of the semisynthetic diet was cerulose 
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TABLE 1.—Adrenal weight and total body weight of rats in different groups under 
various treatments 





Group averages 

















Number of | _ 
atin «mmate | ras | Weight of 
Treatment we 180 | Body weight/ Be og hel left adrenal 
, ty rat (gm.) ‘ mg | (mg./100 
a +8.E.* Lgk | gm. body 
we wt.) 
| | 
ADRENALECTOMY 
(semisynthetic diet) | 
Group I DAB......... 29¢ [15]t 302. 8+ 11. 05 — | — 
Group II DAB, DCA.....| 31 [11] 314.9+ 9. 64 — — 
| | 
NO ADRENALECTOMY | 
(semisynthetic diet) 
Group III DAB, DCA. 26 | 295. 8+ 6.33 | 19. O+. 426 | 6. 4 
Group IV DAB......... 36 | 270.34 7.19 | 25.94. 717 | 9. 6 
Group V No DAB........ 21 | 396. 64 13. 96 | 28.64.936 |) 7.7 
Group VI (NCI rat-pellet | 
diet). ... See 33 452.3+ 7.05 | 32. 9+. 637 7.3 





* S.E. = standard error; DAB = p-dimethylaminoazobenzene; DCA = deoxycorticosterone, 
t Kept on 0.9 percent sodium chloride in place of drinking water. 
t Numbers in brackets are number of rats with adrenal regeneration. 


sugar 78, vitamin-low casein 12, salt mixture 4,° vitamin mixture 1,° and 
corn oil 5. The composition of this diet and its preparation has been 
described by Mulay and Firminger (2). In the diet containing DAB, 
the carcinogen was incorporated in the corn-oil fraction of the diet in the 
amount of 0.06 per 100 gm. of diet. 

NCI rat pellets, a complete, standard rat diet of known composition, 
were compounded for NCI laboratories according to specifications of Dr. 
H. P. Morris, our animal nutritionist. The percentage composition of 
this diet was hard wheat 65.1, skim-milk powder 23.3, dried brewer’s 
yeast 4, corn oil 5.8, iodized sodium chloride 1.4, ferric citrate 0.13, shark 
oil 0.2, and Delstrol 0.08. The shark-oil and Delstrol fractions contained 
vitamins A and B in an amount equivalent to that in cod-liver oil at 2 
percent of the diet. 

Each rat in groups II and III received a subcutaneous implant of 4 
pellets of DCA (1 set) every 4 weeks, until a total of 5 sets had been 
implanted in each rat. At the termination of the experiment, 189 days 
later, the rats were killed with ether and autopsied. The unabsorbed 

5 Percentage composition of the salt mixture was dipotassium phosphate 21.18, calcium lactate 28.92, calcium 
carbonate 17.78, monocalcium phosphate H;0 12, monosodium phosphate H30 7.71, magnesium sulfate (anhy- 
drous) 5.92, sodium chloride 3.84, ferric citrate 2.63, and trace elements 0.022. Trace elements were Cul: 6 gm.; 


AIK(SO,4)3-12H20 0.1 gm.; CoKa(SO4)3-6H20 6 gm.; ZnSO,-7H:0 2.6 gm.; MnSO,4-2H;0 3.0 gm.; each was pow- 
dered and then they were all mixed together. 

6 Percentage composition of the vitamin mixture was cerulose (bulk vehicle) 99.50, thiamin hydrochloride 
0.03, riboflavine 0.02, choline chloride 0.30, calcium pantothenate 0.07, pyridoxine hydrochloride 0.025, nicotinic 
acid 0.050. In addition, 1 drop of halibut-liver oil was given cach animal once a week 
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portion of the implanted pellets was dissected free, desiccated, and 
weighed. The calculated absorption of DCA for each rat was 220 mg. 
or a little over 1 mg. per day. 

The adrenals from each animal were dissected free of all fat, weighed, 
and then fixed, one in Zenker’s acetic fluid and the other in 10 percent 
formalin. The Zenker-fixed tissue was embedded in paraffin and stained 
with hematoxylin and eosin. The formalin-fixed tissue was used for 
frozen sections and stained with scharlach-R. 


Results 


Neoplastic changes in the livers of these rats are described elsewhere 
(1). The rats in which the adrenal glands had atrophied due to the DCA 
treatment, or had been completely excised, did not develop neoplastic 
lesions in the liver when fed the diet containing DAB (groups I, IT, and 
III). But rats with intact and functioning adrenals developed neoplastic 
lesions in the liver when fed the diet containing DAB (group IV). 

Gross anatomy of adrenal glands.—Regeneration of adrenocortical tissue 
was frequent in the adrenalectomized rats, appearing in 52 percent of the 
rats not treated with DCA (group I) and in 35 percent of the rats treated 
with DCA (group II). The regenerating adrenocortical tissue was always 
unilateral (with equal frequency on right and left side) and most often in 
the region of the upper pole of the kidney. Two cases were exceptional: 
In one, an adrenocortical nodule was attached to the right lobe of the 
liver, and in the other, to the spleen. 

The adrenal glands of the rats fed NCI rat pellets (group VI) were 
yellowish-gray, those of the rats fed the semisynthetic diet alone or 
semisynthetic diet with DAB (groups IV and V) were bright yellow, and 
those of DCA-treated rats (group III) were grayish in color. The 
adrenal glands of the rats in group III were markedly reduced in size, 
while those of rats in groups IV and V showed no appreciable difference in 
size from the adrenal glands of the rats fed NCI rat pellets; however, 
adrenal weight per 100 gm. body weight was highest in rats fed DAB 
(group IV). 

The adrenal-gland weight of DC A-treated rats (group III) was markedly 
reduced both on an absolute-weight and per-100-gm.-body-weight basis 
when compared with that of the groups not treated with DCA (table 1). 
Rats fed DAB in the semisynthetic diet (group IV) had a very high 
adrenal weight per 100 gm. body weight. This is probably due to the 
retarded growth in these rats without a corresponding reduction in 
adrenal-gland growth when compared with animals fed NCI rat pellets 
(group VI). The absolute adrenal weight of the rats fed DAB (group IV) 
was smaller than that of the rats fed NCI rat pellets. Rats on the semi- 
synthetic diet alone (group V) showed a slight tendency to retarded growth 
without a corresponding reduction in adrenal growth. 

Histopathology——The microscopic appearance of the changes in the 
adrenal cortex of Osborne-Mendel rats under various treatments, namely, 
NCI rat pellets, a complete rat diet of known composition (group VI), a 
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semisynthetic diet (group V), DAB (group IV), and DAB and DCA 
(group III), is shown in figures 1 to 4, respectively; its lipoid distribution 
and concentration are shown in figures 5 to 8, respectively; and changes in 
cells and nuclei under these treatments are shown in figures 9 to 12, 
respectively. Variations from rat to rat in the adrenal cortex (especially 
in the transitional zone) of the animals on the semisynthetic diet contain- 
ing DAB are shown in figures 13 to 16. 

NCI rat pellets —Microscopic appearance of the adrenal cortex of 
rats fed NCI rat pellets, a complete rat diet (group VI), was taken as a 
reference standard with which changes in the adrenal cortex of rats 
under various treatments were compared. The microscopic appearance 
of the adrenal cortex in all rats in this group was similar from animal to 
animal. The adrenal cortex was well developed. The cells of the zona 
glomerulosa were arranged in six to seven rows of cells, with light- and 
dark-stained cells and moderate deposits of lipoids (figs. 1 and 5). The 
cytoplasm of most of the cells centrally located in this zone was packed 
with lipoid droplets, while the cytoplasm of most of the cells on either 
side was basophilic and free of these droplets (fig. 5). The nuclei were 
round and rich in chromatin. A few of these cells were binucleated 
(fig. 9). The transitional zone, the zone between zona glomerulosa and 
zona fasciculata, stood out clearly. It was composed of a few rows of 
either cuboidal or spindle-shaped cells with rather small, round, and 
deeply stained nuclei. These cells were devoid of lipoid droplets. The 
cells of the zona fasciculata were arranged in long straight cords. The 
zona fasciculata was clearly divided into an outer region nearer to the 
zona glomerulosa and an inner region nearer to the zona reticularis. 
The outer fasciculata cells stained lightly (fig. 1) and were large with 
abundant lipoid droplets in their protoplasm (spongiocytes). Their 
nuclei were vesicular and usually centrally located (fig. 9). The cells of 
the inner fasciculata stained dark (fig. 1) and contained a relatively 
small amount of lipoid. The lipoid droplets were spherical and uniform in 
size within a single cell. The zona reticularis represented approximately 
one fourth of the width of the adrenal cortex and showed a net-like 
structure (fig. 1). Lipoid droplets varied in size and were unevenly 
distributed in the cells of this zone. 

Semisynthetic diet.—Microscopic changes in the adrenal cortex of the 
rats fed the semisynthetic diet either alone (group V), or with DAB 
(group IV) were similar and differed only in the degree of alteration. 
The zona glomerulosa was increased in width. The increase both in 
number and in size of the cells contributed to this enlargement. Most of 
the cells deep in the glomerulosa were markedly enlarged with a com- 
pression of some of the peripheral cells of this zone (figs. 11 and 14). 
The protoplasm of these cells was foamy and stained lightly; and their 
nuclei were rich in chromatin. All glomerulosa cells were packed with 
lipoid droplets, which stained deep red with scharlach-R (figs. 6 and 7). 
There were no lipoid-free cells in this zone, such as were found in the cor- 
responding zone in the normal adrenal gland (fig. 5). The transitional 
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zone was usually wider and at times consisted of three to five rows of 
cuboidal cells which were lipoid-free (figs. 6 and 7). Some of these cells 
were in mitosis. Nearly all zona fasciculata cells showed the character- 
istics of “‘spongiocytes,’”’ and thus the previous distinction seen in group 
VI between outer and inner fasciculata was lost (figs. 2 and 3). The zona 
reticularis was diminished in width and its cells contained large lipoid 
droplets in the protoplasm. Degenerating and necrotic cells were fre- 
quently observed. The net-like structure of the reticularis was ill-defined 
and sometimes entirely absent. A brown pigment was present in phago- 
cytic reticuloendothelial cells of this layer. 

Semisynthetic diet with DAB.—These adrenocortical changes were more 
pronounced in rats fed DAB (group IV), and the progress of these changes 
varied from animal to animal. The concentration of lipoids in the glo- 
merulosa and fasciculata cells, amount of proliferation, concentration of 
lipoids and degree of transformation of the transition-zone cells, and 
the degree of degeneration and necrosis in the zona reticularis varied 
from animal to animal. Variations in the transitional zone were marked. 
Figure 13 shows a zone with small, darkly stained, lipoid-free cells; figure 
14 shows a narrow zone with a few lipoid-free cells; figure 15 shows a few 
small cells with low lipoid concentration; while figure 16 shows no recog- 
nizable transitional zone. All variations were found in the same group 
of DAB-fed animals with liver tumors. The highest concentration of 
lipoid droplets both in the glomerulosa and the fasciculata zones was 
found in the rats with well-developed liver tumors. In these animals the 
cells of the transitional zone were packed with lipoid and thus indistinguish- 
able from the lipoid-containing cells of the adjacent zones. In these rats, 
identification of the transitional zone as such was not possible. 

DCA treatment.—The adrenal glands of DCA-treated rats (group III) 
showed a marked reduction in the width of all three layers of the adrenal 
cortex (fig. 4). The size of the cells of all cortical layers was significantly 
reduced. The zona glomerulosa consisted of basophilic, darkly stained 
cells (figs. 4 and 12). Lipoid droplets disappeared (fig. 8). The transi- 
tional zone was not distinguishable in the adrenal cortex of DCA-treated 
rats. The cells of the zona fasciculata were also reduced in size (fig. 12) 
and mostly depleted of lipoid droplets. The nuclei were pyknotic and 
relatively reduced in size. There was no distinction between the outer 
and inner zones of the fasciculata (fig. 4). The zona reticularis was 
reduced significantly, and its net-like structure was unrecognizable (fig. 4). 
A brown pigment was frequently present in the phagocytic reticulo- 
endothelial cells of this layer. 

Regenerating adrenocortical nodules in the adrenalectomized rats 
(groups I and II) consisted mostly of cells similar to those of the zona 
fasciculata. These regenerating cortical cells were similar to their 
counterparts in nonadrenalectomized rats with or without DCA. In rats 
without DCA treatment (group I) a narrow zone of lightly stained, foamy 
cells was present in the periphery. These cells were like those of the 
zona glomerulosa of the adrenal glands of intact rats without DCA 
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treatment (group IV). The cells of the regenerating adrenocortical 
nodules in DCA-treated rats (group II) were smaller, with a narrow, 
darkly stained cellular sheet on the periphery like the adrenal glands in 
the intact DCA-treated animals (group III). 

The medulla of the adrenals in all groups of rats showed no significant 
changes. 


Discussion 


This study revealed that the semisynthetic diet when fed to rats 
produced microscopic changes in the adrenal cortex. The carcinogenic 
azo dye DAB, when added to this semisynthetic diet, enhanced these 
changes. These adrenal changes were: 1) enlargement of the zona 
glomerulosa with lipoid engorgement of its cells; 2) loss of basophilic, 
lipoid-poor cells in this zone; 3) active proliferation of the lipoid-free cells 
of the transition zone; 4) elimination of the distinction between an outer 
and inner region of the zona fasciculata, since all the cells had the ap- 
pearance of “spongiocytes”’; and 5) a reduction of the width and an in- 
crease in the number of degenerating cells in the ill-defined zona reticularis. 
Although it has been stated that the width of the adrenal cortex and its 
lipoid concentration are morphologic criteria of functional activity (3), we 
feel that the investigation of hormonal secretions, concomitant with the 
study of morphologic changes, is needed for accurate functional interpreta- 
tion of these changes. 

Bliss and Gyérgy (4) proposed a “basal ration’ for rats. According to 
their standards, the semisynthetic diet used in our experiments is deficient 
or lacking in every vitamin, besides being low in proteins and riboflavine. 
It has been reported that malnutrition and starvation produce hypertrophy 
of the adrenal cortex and thus an increase in the weight of the adrenal 
gland (5-7). Deficiency of thiamin (8, 9), of pantothenic acid (10), 
and in a lesser degree of riboflavine or pyridoxine (9), has the same effect. 
Our findings agree in general with these observations of the hypertrophy 
of the adrenal cortex but differ in the details of the histologic changes 
observed. 

According to Selye (11) in the stage of response that follows chronic 
exposure to nonspecific stress or treatment with ACTH, the cortex is 
enlarged, and, in spite of presumed increase in corticoid secretion, the 
adrenal gland acquires the ability to store more lipoid granules. Detailed 
studies of the cells of the transitional zone by Cater and Lever (12) indicate 
that the concentration of lipoids in these cells depends on the degree of 
adrenal stimulation by pituitary hormones. Transition-zone cells are 
fat-free in hypophysectomized rats. They are packed with lipoid in the 
rats treated with ACTH. 

Richardson et al. (13) studied adrenocortical morphology in hypo- 
physectomized rats with or without ACTH treatment and fed a similar 
semisynthetic diet containing carcinogenic azo dye. The rats treated 
with ACTH developed neoplastic lesions of the liver and those without 
this treatment failed to do so. Morphologic description of the adrenal 
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cortex of Richardson’s rats with liver tumors have a striking resemblance 
to the morphology of the adrenal cortex of our rats with liver tumors. 
Adrenal atrophy induced by hypophysectomy in their rats is similar in 
effect to that brought about by DCA implants in our rats, and the recovery 
of the adrenal gland brought about by ACTH administration to the 
hypophysectomized rats (13) is similar to the recovery of the adrenal 
gland brought about by hepatectomy of the DCA-treated animals (1/4). 

These observations lead us to postulate a tentative chain of events 
which might have produced the morphologic changes observed in the 
adrenal cortex. A deficiency of one or more factors in the diet triggers 
the mechanism leading to the alteration of the adrenal function. Addi- 
tion of DAB to this diet accentuates this deficiency and the alteration 
of the adrenal function. It is not improbable that the dietary deficiency 
blocks the synthesis of adrenocortical hormones from the adrenal lipoids, 
resulting in an impaired secretion of the hormones. This impairment of 
secretion may lead to decrease in circulating hormones, which in turn 
may induce the pituitary to secrete an ACTH-like substance. This 
ACTH secretion induces adrenocortical cells to proliferate and increase 
in size. After a long period of continued secretion of ACTH, lipoid sub- 
stances accumulate in the adrenal gland presumably because their syn- 
thesis into adrenocortical hormones is blocked by the absence of some 
factor in the diet. This continued activity of the ACTH could be expected 
to produce the morphologic changes observed in the adrenal cortex. A 
similar hypothesis was suggested by Schultz et al. (15) for the adreno- 
cortical changes observed by them in rats fed diets deficient in panto- 
thenic acid. 

The adrenal cortex of the rats treated with implants of deoxycorti- 
costerone acetate show atrophic changes. It has been presumed that 
this atrophy indicates an effective block either to the formation of ACTH 
or its action on the adrenal gland. This adrenal atrophy inhibits the 
induction of liver tumors as completely as does successful adrenalectomy 
(1) or hypophysectomy (16) in rats fed carcinogenic azo dyes. 


Summary 


The morphology of the adrenal cortex of Osborne-Mendel rats, fed a 
semisynthetic diet alone, or a diet with p-dimethylaminoazobenzene 
(DAB) added to it, is described and compared with the morphology of the 
adrenal cortex of similar rats fed a regular laboratory diet of NCI rat 
pellets. The semisynthetic diet alone induced morphologic changes in 
the adrenal cortex of every rat examined. These histologic changes con- 
sist of (a) increase in the width of the glomerulosa, fasciculata, and transi- 
tional zones by proliferation and enlargement of cells; (b) increase in the 
concentration of sudanophilic material in these cells; and (c) cellular 
degeneration in the reticularis zone. These changes were more pro- 
nounced and further advanced in the rats receiving DAB with the semi- 
synthetic diet. The transition-zone cells were the last ones to be packed 
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with lipoids. This final histologic change was generally present only in 
the rats with well-developed liver tumors. } 

The adrenal cortex of the rats treated with deoxycorticosterone acetate 
and fed a semisynthetic diet with DAB were atrophic and mostly lipoid- 
free. 

The regenerating adrenocortical nodules of adrenalectomized rats were 
identical in their morphologic features with their nonadrenalectomized 
counterparts. ) 
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Reticulum-Cell Sarcoma of Rats. Ex- 


perimental Production with Trypan 
Blue’ 


Davw V. Brown, M.D. and TuHeopore A. THorson, 
M.D.,? Laboratory Service, Veterans Administration 
Hospital and Department of Pathology, School of 
Medicine, University of Washington, Seattle, Wash. 


In a series of communications beginning in 1948, Gillman e¢ al. (1-5) 
have reported their observations on the experimental production of 
lymphomas in the rat. They developed their technique, consisting of the 
prolonged subcutaneous injection of a dilute solution of Grubler’s trypan 
blue, while studying the experimental production of congenital ab- 
normalities (1). In the course of this work these authors observed a 
widespread stimulation of the reticuloendothelial system with consequent 
hepatosplenomegaly, lymphadenopathy, anemia, and leukopenia, as well 
as disturbances of plasma proteins. In subsequent reports they described 
the production of reticulosis and reticulum-cell tumors of the liver (2) and 
the formation of Hodgkin’s-like sarcomas in the lymph nodes of the rat 
(3-5). Since they believed these tumors were “closely similar’’ to those 
occurring in man, Gillman et al. felt that this experimental approach might 
help to clarify the etiology and pathogenesis of human lymphoid tumors. 

In a similar study, using a different trypan blue (Avlon brand, I. C.I.), 
Simpson (6) in 1952 found the pathologic changes to be confined essen- 
tially to the liver. She described a “characteristic histiocytic proliferation 
in the portal tracts’ in all rats stained for more than 100 days and “reticu- 
lum cell sarcoma of the liver” in 55 percent of the animals treated more 
than 150 days (110 mg. of dye). 

We have been interested in the morphologic range of the various tumors 
of human lymphoid tissue, as well as in their etiology and histogenesis, 
and have recently reviewed a rather extensive series of cases (7). Further 
evaluation of the usefulness of this experimental technique as a tool in the 
elucidation of problems of etiology and pathogenesis of the lymphomas 
seemed desirable, and it was therefore decided to repeat as carefully as 
possible the work of Gillman e¢ al. 


Materials and Methods 


One hundred twenty young male Wistar rats, approximately 3 months 
of age, were used in the experiment. They were maintained in individual 


' Received for publication November 2, 1955. 
?The authors wish to acknowledge the photographic assistance of Mr. H. Paul Newman, Chief, Medical 
illustration Laboratory, Veterans Administration Hospital, Seattle, Wash. 
1181 
Journal of the National Cancer Institute, Vol. 16, No. 5, April 1956 
370029—56——-15 








1182 BROWN AND THORSON 


cages and fed on standard laboratory chow with supplementary vitamins. 

Two brands of dye were used, including the same Grubler’s trypan blue 
used in the original work,’ as well as a previously unused brand.* The 
dye solutions were freshly prepared each time before use by dissolving 
the dry powder in cold, sterile, pyrogen-free distilled water. All injec- 
tions were given subcutaneously at 2-week intervals, alternating between 
right and left groin. 

An initial group of 50 rats were each injected with 1.0 cc. of a 1 percent 
solution of Grubler’s trypan blue. Because of the limited supply of dye 
the total dose in this series was 220 mg. The animals were then allowed 
to live on without further treatment until they were sacrificed, when 
death appeared imminent, or until the 613th day, when the experiment 
was terminated. A second group of 50 animals received similar injections 
of a 1 percent solution of National Aniline trypan blue. The injections 
were continued in this series until the dose totaled 440 mg. of dye when 
the experiment ended on the 613th day. Twenty control animals received 
injections of sterile, pyrogen-free distilled water, administered in the same 
fashion as the dye solutions, throughout the experimental period. 

All animals were autopsied and sections were made routinely of liver, 
spleen, lymph nodes, vertebral and femoral bone marrow, lung, kidney, 
and adrenals. Other tissues were taken for microscopic study when they 
appeared abnormal. Neutral 10 percent formalin was employed as a 
fixative. The sections were stained with hematoxylin and eosin, and 
special stains, including Sudan IV, reticulum, van Gieson’s, Gém@ri’s iron, 
and Giemsa’s stains, were used frequently in studying particular features. 


Results 


The observations are summarized in table 1. In the Grubler’s trypan- 
blue series, 46 animals survived more than 150 days, the minimal time 
required for recognition of the first tumor. The duration of this initial 
latent period is in essential agreement with the observations of Gillman 
et al. and Simpson. Of these 46, fourteen (30.4%) showed reticulum-cell 
sarcoma in the liver. Involvement of other sites varied, as shown in the 
table (lymph nodes 21.7%, spleen 15.2%, lung 10.9%, and bone marrow 
8.7%). In the case of the National Aniline trypan-blue series, the first 
tumor was not found until the 294th day; only 3 animals failed to survive 
to that time. Of the 47 animals living for longer periods, liver involvement 
was found in 10 (21.3%). Other sites with tumor are as indicated in the 
table (lymph nodes 12.8%, spleen 6.4%, lung 4.3%, and bone marrow 
4.3%). Inno case was tumor found in any other organ in the absence of 
liver involvement. Only 1 of the 20 controls failed to survive for longer 
than 150 days, and no tumors developed in these animals during the re- 
mainder of the experimental period. 

The appearance of animals developing reticulum-cell sarcoma was quite 
characteristic. Since the gross and microscopic changes were similar in 


3 Kindly supplied by Dr. Joseph Gillman. 
4 Obtained through the courtesy of the National Aniline Company. 
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TaBLeE 1.—Incidence of reticulum-cell sarcoma 









































Total — | Lymph oe | | Bone 
Survival | animals | Liver | node Spleen Lung | marrow 
time lar. | Per-| ay Per- | Per- |, | Per- |x, | Per- | 4. | Per- 
| No. | cent! No. | cent | No. cent |X| cent | No | cent |e | cent 
} | | 
Grubler’s dye | | | | 
<150 days | 4) 8| 0| 0 0; 0 | O| O | O|} O 0)0 
>150 days | 46 | 92] 14/ 30.4| 9/217) 7/152] 5] 109] 4 | 8.7 
} | | | | | 
National Ani- | | | 
line dye | 
<300days | 3| 6] 0| O 0) 0 | o| o | o/ 0 0/0 
>300 days | 47 | 94/ 10| 21.3] 6/128] 3| 64/ 2] 43] 2/43 
| | 
Controls | | | | 
<150 days 1} 5} 0; 0 | 0] O | 0} Oo | o!o | olo 
>150 days 19/95; 0; 0 | 0; O | 0) 0 | o| 0 | 0|0 





both the Grubler’s and National Aniline series, they will be described 
together. The tumorous rats showed evidence of weight loss and emacia- 
tion, often accompanied by diarrhea; roughened fur was also noted. The 
abdomen was usually distended and ascites was common. In general, the 
tissues were pale. In a typical animal the gross appearance of the liver 
was striking (fig. 1). It was always found to be enlarged, weighing as 
much as 98 gm. (normal = 10-15 gm.), and its surface was studded with 
blue-gray neoplastic masses varying from 0.2 to 2.5 cm. in diameter. On 
cross section, these tumors were found to extend throughout the par- 
enchyma in an irregular fashion. In the tumorous animals the spleens 
also were invariably enlarged, to as much as five times normal size (fig. 2). 
In only one case, however, was there gross evidence of localized tumor. 
Lymphadenopathy was extremely variable, and it was impossible to 
differentiate grossly between nodes with neoplastic involvement and those 
which showed only hyperplasia. Grossly recognizable tumors were not 
evident in any other organs. 

The microscopic pattern of the neoplasm was as characteristic as the 
gross appearance. The morphologic features which are typical of the 
neoplasm may be described as those seen in the liver. Here the neoplastic 
cells were found in large sheets replacing the parenchymal cells (figs. 3 and 
4). Individual cells were large, with abundant eosinophilic cytoplasm 
and indistinct cell borders. The nuclei were irregular, varying from 
round or oval to kidney or horseshoe shape (figs. 5 and 6). There was 
moderate hyperchromatism with occasional mitotic figures. Numerous 
cells had a foamy or vacuolated cytoplasm but special stains revealed a 
poor fat content. The neoplastic cells showed frequent phagocytosis of 
dye, debris, red blood cells, and hemosiderin. Tumor giant cells, both 
mononuclear and multinuclear, were common (fig. 6). A fine fibrosis was 
frequently seen, but necrosis was not usual. The reticulum pattern 
showed a tendency toward grouping of neoplastic cells into small nests and 
clusters (fig. 7). This entire microscopic pattern was monotonously re- 
peated when other organs were involved (figs. 8, 9, and 10) except in the 
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lung, where a tendency for the neoplastic cells to arrange themselves 
about blood vessels in palisade fashion was quite striking (fig. 11). In 
general, the neoplasm was pleomorphic in character, and we were unable 
to recognize the distinct types mentioned by Gillman ef al. In one ex- 
ceptional case, the neoplastic cells were of a uniform, undifferentiated 
“stem-cell’”’ type (fig. 12). 

In an additional five animals injected with Grubler’s dye, localized 
neoplasms developed on the lateral surface of the thigh near the injection 
sites. These varied from spindle-cell (fig. 13) to pleomorphic-cell types 
(fig. 14). Although their origin was undetermined, we felt that they 
might be localized variants of the lymphoid neoplasm seen in the liver 
and other organs or that, more probably, they were of connective-tissue 
origin unrelated to the lymphomas. Their location near the sites of in- 
jection suggested that local irritation by the dye might have been an 
etiologic factor. 

We frequently observed the “scalloping,” “‘cyst’”’ formation and hyper- 
plasia of reticuloendothelial elements in the portal areas of the liver, first 
described by Gillman et al. and confirmed by Simpson (figs. 15 and 16). 
Our animals in both dye series showed these changes to a lesser degree 
and less markedly than those described by the previous workers, and we 
did not observe the associated necrosis of liver cells which they reported. 

Inflammatory changes, particularly pyelonephritis, pneumonia, and 
bronchiectasis, were frequently observed in both experimental and con- 
trol animals. As may be seen in table 2, infections were more common 
in the experimental animals, especially in the National Aniline series, 
than in the controls. Simpson also found frequent infection in her rats, 
the incidence, however, being the same in experimental animals and con- 
trols. The explanation for the apparently increased susceptibility of our 
experimental animals to infection probably lies in their relatively poor 
nutritional status, as well as in damage to their reticuloendothelial system 
by the dye. Random observations in our tumorous animals showed 
leukopenia with anemia and a striking reticulocytosis. 


TABLE 2.—I ncidence of infection 






































Total Pyelonephritis| Pneumonia |Bronchiectasis 
animals No. | Percent | No.| Percent | No. | Percent 
Og Te 50 6 12 14 28 5 10 
National Anilinedye. .... 50 19 38 15 30 11 22 
ee ae eee 20 4 20 4 20 1 5 
Discussion 


The fundamental questions which arise in connection with this study 
have to do with the basic nature of the changes produced in the reticulo- 
endothelial system of the rat by trypan blue, 7.e., are the lesions a mani- 
festation of reactive hyperplasia or are they neoplastic? If neoplastic, 
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are they benign or malignant, and, if malignant, are they reticulum-cell 
sarcomas comparable to those encountered in man? Gillman et al. (2) 
regarded the lesions they observed in the liver as variants of reticulum- 
cell sarcoma, though they doubted that these lesions or reticulum-cell 
sarcoma of man were malignant. In their more recent report (5) dealing 
primarily with dye-induced tumors of lymph nodes, “. . . the conclusion 
was reached that the overwhelming majority of tumors diagnosed as 
classical reticulosarcoma were not malignant in the histopathological 
sense.” Rather, they regarded most of the tumors as examples of a 
“reactive form of reticulosis,” as opposed to a relatively very small group 
which they categorized as examples of “malignant reticulosis.” Simpson 
(6) felt that the liver lesions in her animals arose from cells in the peri- 
portal connective tissues related to the Kupffer cells, and she regarded 
the tumors as reticulum-cell sarcomas. She was unable to find any record 
of a similar tumor in the rat but felt that a counterpart had been described 
as occurring spontaneously in the mouse. 

In our laboratory two brands of trypan blue, including one previously 
untried brand, produced changes in the liver and other reticuloendothelial 
tissues of the same general type described by these previous workers. It 
is our feeling that these are malignant neoplasms, as judged by generally 
accepted criteria, and that they represent reticulum-cell sarcoma. How- 
ever, after reviewing our own material as well as representative histologic 
preparations of Gillman’s material, which they were good enough to 
provide, we do not feel that the experimental lesions are comparable to the 
lymphomas of man. In our recent review of human lymphomas almost 
all the cases of reticulum-cell sarcoma were of the undifferentiated or 
“stem-cell” type, with a uniform cellular structure. The rat tumor, on 
the other hand, is in most instances pleomorphic in character, consisting 
of much more differentiated cells with clear evidence of phagocytosis. 
In our opinion, the trypan-blue-induced sarcomas of rats most nearly 
resemble the spontaneous reticulum-cell sarcomas described in the mouse, 
which, according to Dunn (8) also differ from human reticulum-cell 
sarcoma. 

Attempts at transplantation of the rat tumors were unsuccessful in the 
majority of cases in the hands of Gillman et al. In those rare cases which 
they felt were “malignant” by histologic criteria, confirmation of malig- 
nancy was obtained by successful transplantation to other rats. Simpson 
reported that she was unsuccessful in 24 attempts to transplant the liver 
tumors, but only 8 of the recipient rats were followed longer than 2 
months. We attempted to transplant typical examples of our liver tumor 
in 24 instances, using both the subcutaneous and intraperitoneal routes 
in stock Wistar rats. Although the recipients were allowed to live at 
least 240 days and all were autopsied, no successful transplants resulted. 

In discussing the pathogenesis of their experimental reticulum-cell 
sarcoma of the liver, Gillman and his group described a well-defined 
train of events, beginning with edema of the periportal tissues and con- 
tinuing through histiocytic proliferation, ‘‘cyst’’ formation or periportal 


Vol. 16, No. 5, April 1956 








1186 BROWN AND THORSON 


reticulum-cell proliferation, centrolobular necrosis of parenchymatous 
cells, further reticulum-cell proliferation, and eventual tumor formation. 
As previously noted, we commonly encountered ‘cysts’ and histiocytic 
proliferation in the portal areas but failed to observe liver necrosis. In 
our opinion, the “cysts’’ initially described by Gillman et al. probably 
represent dilated lymphatic channels resulting from obstruction by 
proliferating reticuloendothelial cells. Though we feel that a relationship 
does exist between the periportal proliferative changes and the develop- 
ment of liver tumors, the exact nature of this relationship remains obscure, 
since little correlation was seen between the degree of periportal alterations 
and the duration of staining. One of our cases which died on the 36th 
day showed extensive ‘‘cyst’’ formation and “scalloping,’’ while many 
other animals showed only minimal proliferative changes after 613 days 
of staining. The control animals showed no proliferative reaction. In 
general, we were unable to confirm the detailed sequential changes which 
Gillman et al. described in their concept of the pathogenesis. 

The mode of action of trypan blue in producing reticulum-cell sarcoma 
is unknown. Gillman ef al. suggested that the dye itself might be a 
carcinogen or that it might promote the formation of metabolites which 
in turn are carcinogenic. Simpson also acknowledged the possibility that 
the dye might be a carcinogen but pointed out that it is not closely related 
chemically to any of the known carcinogenic azo dyes. It is possible, 
as she notes, that “impurities” or intermediary products contained in the 
dye samples are the carcinogenic agents, which might explain the varia- 
tion in effectiveness of the different brands of dye used. However, in the 
dilute solutions employed, such impurities would have to be extremely 
potent, since they would be present in only minute concentration. The 
strain of rat used, the presence of infection, dietary differences, and other 
environmental factors, such as temperature—all may have influenced 
tumor incidence in the different studies. 


Summary and Conclusions 


Our investigation confirms previous reports that the prolonged sub- 
cutaneous injection of a dilute solution of trypan blue leads to the develop- 
ment of proliferative changes and malignant neoplasms in the reticulo- 
endothelial system of the rat. Liver lesions are most frequent, but 
similar alterations are found in the spleen, lymph nodes, bone marrow, 
and lung. We feel that the fully developed changes are best regarded 
as those of a malignant neoplasm. The term reticulum-cell sarcoma 
has been adopted, although it is recognized that the tumors are a more 
differentiated type than those encountered in man and more nearly 
resemble the spontaneous reticulum-cell sarcomas of the mouse. We have 
been unsuccessful in our attempts to transplant these tumors. 

In considering the pathogenesis of these lesions, we have consistently 
observed a proliferative reaction of reticuloendothelial elements in the 
portal areas of the liver in the dye-stained rats. However, the definite 
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sequence of changes leading to reticulum-cell sarcoma, as described by 
previous workers, have not been observed. 

The variation in incidence of neoplasms in the different series of injected 
animals is considered in relation to the possible influence of such factors 
as brand of dye, strain of rat, and local dietary and environmental factors. 

On the basis of this work, we feel that, although the neoplasms pro- 
duced are not comparable to those encountered in the range of human 
lymphomas, the technique developed is a useful one which may be profit- 
ably employed to investigate further the fundamental problems of 
neoplasia. 
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PuaTE 111 


FicureE 1.— Massive enlargement of liver involved with reticulum-cell sarcoma (weight 
98 gm.). 


Figure 2.—Enlarged liver with neoplastic masses and symmetrically enlarged spleen 
from tumorous animal (top). Organs of normal size shown below for comparison. 


FicureE 3.—Reticulum-cell sarcoma of liver showing typical sheetlike distribution of 
tumor. Hematoxylin and eosin. x 90 


Figure 4.—Higher-power view showing neoplastic cells replacing liver parenchyma. 
Hematoxylin and eosin. X 250 
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FiGuReE 5. feticulum-cell sarcoma of the liver showing characteristie pleomorphism, 
Hematoxylin and eosin. 250 


Picture 6.— Multinucleated giant cells in reticulum-cell sarcoma of liver. Hematoxylin 


and eosin, 700 

Figtre 7.— Reticulum pattern of tumor in liver showing tendency of fibers to cireum- 
scribe small clusters of cells. Reticulum stain. 225 

FIGURE 8. feticulum-cell sarcoma in lymph node. Hematoxylin and eosin. 225 
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Figure 9%.—Bone marrow with reticulum-cell sarcoma. Hematoxylin and eosin. 
D5 
Figtre 10.—Reticulum-cell sarcoma in spleen. Hematoxylin and eosin. 700 
Figure 1l.—Reticulum-cell sarcoma about small artery in lung showing “palisading” 
of neoplastic cells. Hematoxylin and eosin. 115 


FigtrRe 12.—Undifferentiated type of reticulum-cell sarcoma seen in one animal, 
Hematoxylin and eosin. 700 
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Froure 13.—Loealized sarcoma of thigh, spindle-cell variety. Hematoxylin and 


FiGurReE 14 Localized 


sarcoma of thigh, pleomorphic variety. 
215 


Hematoxylin and 


Picture 15.—Periportal histiocytic proliferation, “evst” formation, and “scalloping.” 
Hematoxylin and eosin. 115 
Picture 16.—High-power view showing details of 


periportal proliferative change. 
Hematoxylin and eosin. 525 
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Reticulum-Cell Sarcoma of Rats. Ap- 
parent Inhibition by X Irradiation’ 


Davin V. Brown, M.D. and Tueopore A. THorson, 
M.D.,? Laboratory Service, Veterans Administration 
Hospital and Department of Pathology, School of 
Medicine, University of Washington, Seattle, Wash. 


In a recent investigation of the experimental effects of repeated injec- 
tions of trypan blue in the rat, we were able to induce reticulum-cell 
sarcomas in the liver and other reticuloendothelial organs in 20 to 30 per- 
cent of the animals (1). This, in general, confirmed the previous work of 
Gillman et al. (2-6) and Simpson (7). 

Several agents other than trypan blue are known to produce lymphoid 
tumors in experimental animals. These include carcinogenic hydrocar- 
bons, estrogenic compounds, and ionizing irradiation. Whole-body irradi- 
ation has been shown to produce a general over-all increase in tumor 
incidence, as well as an increase in specific noeplasms in some animal 
species, as pointed out by Brues (8). There have been numerous reports 
on the effectiveness of irradiation in the experimental production of lymph- 
oid tumors and leukemia (9-11). The damaging effects of X rays on 
hematopoietic tissues also have long been recognized, and as Dunn (12) 
points out, ‘It is not surprising that an agent producing such profound 
alterations should prove carcinogenic.’”’ Most of this work has been done 
with mice, which, however, have a relatively high incidence of spontaneous 
lymphatic tumors. There are also reports indicating that malignant 
lymphoid tumors may occur spontaneously in some strains of rats (13). 
In their study of the effect of whole-body irradiation on the Wistar rat, 
Koletsky and Gustafson (14) found that the animals developed a signifi- 
cantly greater number of benign and malignant neoplasms. However, in 
contrast to what might be expected, the incidence of neoplasms of lymph- 
oid tissue was remarkably low, since only 2 of 123 animals surviving the 
irradiation developed lymphosarcomas. 

Since the initial postirradiation destruction’ in lymphoid tissue is fol- 
lowed by a period of active regeneration (15-17), we were interested in 
determining the effect of administering trypan blue to rats during this 
recovery phase. We anticipated that the carcinogenic properties of the 
dye might be augmented. 


1 Received for publication November 2, 1955. 
2 The authors wish to acknowledge the photographic assistance of Mr. H. Paul Newman, Chief, Medical 
Illustration Laboratory, Veterans Administration Hospital, Seattle, Wash. 
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Materials and Methods 


Sixty-five young Wistar rats, 6 to 7 weeks old, were divided into 2 
groups. The first group of 35 animals each received 400 r of total-body 
irradiation at the outset of the experiment. Seven days later subcu- 
taneous injections of trypan blue* were begun and continued at fort- 
nightly intervals until the experiment was terminated after 547 days. The 
second group of 30 animals were treated with trypan blue only throughout 
the course of the experiment. All animals were injected with 1 cc. of a 
1 percent solution of dye alternately in the right and left groin. 


Results 


The results of the experiment are summarized in table 1. In this table 
the rats have been divided primarily into those surviving less than 250 
days and those surviving for longer periods, since this period was found to 
be the approximate time at which reticulum-cell sarcoma of the liver first 
became evident. A further subdivision showing animals surviving less 
than 30 days serves to indicate the approximately 11 percent mortality 
apparently attributable to the total-body irradiation. 


TaBLE 1.—Incidence of reticulum-cell sarcoma and adenocarcinoma of the breast 

















| | Reticulum- | Adenocarci- 
| Total Survival Survival|Survival) cell sarcoma | noma of the 
Treatment | 2UMber |” under | 30.to | 250 to | of the liver | breast 
of ani- | 30 davs| 290 547 | 
| mals | 8YS |) days days |Num-) Per- | Num-| Per- 
| | ber | cent | ber | cent 
| | | | 
(0 Ora, SER e: Saran e ae 0 0 0 0 
Trypan blue 30 a Ses | 0O | 0 0 0 
| .... 6/220] 1] 38 
Irradiation fol- | Rae eer Fee: 0 | 0 0 | 0 
lowed by try-| 35 | _ SPE Bee 0 0 0 0 
pan blue | | | . oe 0 | 0 11 | 44.0 
| | 








Among the 35 animals treated with initial irradiation followed by try- 
pan blue, 10 failed to survive the 250 days necessary for the development 
of reticulum-cell sarcoma of the liver. From the table, it will be seen that 
in the 25 remaining animals, none developed reticulum-cell sarcoma. 

Among the animals receiving injections of trypan blue alone, 26 sur- 
vived longer than 250 days and 6 of these developed reticulum-cell sarcoma 
(figs. 1, 2, and 3). This represents a tumor incidence of 23 percent com- 
pared with the 21 percent incidence that we noted in a previous, similar 
experiment using a larger group of animals (1). Only 1 animal of the 26 
developed an adenocarcinoma of the breast (fig. 4). 

By contrast, however, an unexpectedly large number of the irradiated 
and dye-stained animals developed adenocarcinoma of the breast. As 


3 Physical factors: 250 KVP; 15 Ma.; target-skin distance, 50 cm.; filters of 1mm. Al and 4 mm. Cu.: output 
in air 52.5 r per minute; HVL, 1.58 mm, Cu. 


‘ The trypan-blue dye used in this experiment was obtained through the courtesy of the National Aniline 
Company. 
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the table indicates, 11 out of 25 animals (44%) surviving over 250 days 
developed either single or multiple breast tumors. These neoplasms in 
some instances attained very large size (fig. 5) and showed considerable 
histologic variation (figs. 6 and 7). 


Discussion 


It appears that preirradiation of the trypan blue-injected animals, 
rather than potentiating the development of reticulum-cell sarcoma, 
served to protect them in some way from the established carcinogenic 
action of the dye. The reason for this is not clear. Gillman et al. (2-6) 
and Simpson (7) associated the development of liver tumors in the dye- 
stained animals with preceding histiocytic proliferation and ‘‘cyst” forma- 
tion in the periportal regions. The present authors have confirmed this 
observation in previous work (1), as well as in the animals treated solely 
with trypan blue in the present study (fig. 8). Although this proliferative 
change in the portal tracts also occurred in the preirradiated dye-stained 
animals, reticulum-cell sarcoma did not develop (fig. 9). 

In attempting to clarify the role of irradiation in the inhibition of 
reticulum-cell sarcoma following trypan blue, the work of Brecher e¢ al. 
(18) may be cited. In studying the histology of lymphoid tissues in 
albino mice during the 4 weeks following whole-body irradiation, they 
noted no morphologic damage to the reticuloendothelial system; the 
functional capacity of this system, as measured by active phagocytosis, 
seemed unimpaired. In irradiated mice and swine, Tullis e¢ al. (15,16) 
noted marked degenerative changes in the lymphoid organs but the primi- 
tive reticular cells of the reticuloendothelial system showed little or no 
morphologic change. 

Liebow et al. (17) also noted the resistance of reticuloendothelial cells 
to irradiation in humans, but evidence of reticulum-cell proliferation 
(including atypical mononuclear cells, plasma cells, and giant cells re- 
sembling Reed-Sternberg cells) was also observed in their study of atomic- 
bomb casualties. They noted particularly the remarkable regenerative 
capacity of the reticuloendothelial cells. Thus, there is evidence that the 
more undifferentiated cells of the lymphoid apparatus are relatively 
resistant to the damaging effects of irradiation but may show subsequent 
regenerative hyperplasia of an atypical nature. It appears likely from the 
present work that the reticulum cells are changed in some way by irradia- 
tion so that they are incapable of responding. in a neoplastic manner to 
trypan blue. The nature of this alteration is unknown. 

The high incidence of breast tumors in our irradiated and dye-stained 
rats was not anticipated. The sex of the animals is unfortunately not 
known since sufficiently detailed records were not kept. In their observa- 
tion of neoplasms in irradiated, white male Wistar rats, Koletsky and 
Gustafson (14) noted no breast tumors. In female rats exposed to chronic 
irradiation Metcalf and Inda (19) found that the number of mammary- 
gland tumors increased with the dose. Passonneau et al. (20), working 
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with Sprague-Dawley rats, have reported a significant increase in the 
incidence of mammary tumors following 8 radiation. In chronically 
irradiated mice, Lorenz et al. (21) found an increased number of mammary- 
gland neoplasms with a variety of histologic types associated with ovarian 
tumors. These same workers also found that chronic irradiation of guinea 
pigs led to an increase in mammary tumors of both males and females. 
No ovarian tumors were found in these animals. 


Summary and Conclusions 


Having determined that the prolonged subcutaneous injection of dilute 
solutions of trypan blue produced reticulum-cell sarcomas in rats, we de- 
cided to investigate the effect of whole-body preirradiation on the devel- 
opment of these dye-induced tumors. In view of previous experimental 
work on the carcinogenic effects of irradiation, we felt that it might en- 
hance the development of these neoplasms. 

A group of young Wistar rats were given 400 r of total-body irradiation 
and then treated with trypan-blue injections for periods up to 547 days. 
A second group received only the trypan blue. Although the dye-stained 
controls showed reticulum-cell sarcomas in the numbers expected from 
earlier work, none of the irradiated animals developed these tumors. 

Work of others indicating that the more primitive reticuloendothelial 
elements are relatively resistant to the destructive effects of irradiation, 
although they may also be stimulated to proliferation, is reviewed. It is 
concluded that the X-ray treatment may have modified the reticulum 
cells in some way so that they did not respond to trypan blue in the 
established fashion. 

An unexpectedly high number of carcinomas of the breast were found 
in the irradiated and dye-stained animals. The significance of this 
observation is unknown. 
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Figure 1.—/In situ photograph showing massive enlargement of liver with reticulum- 
cell sarcoma. 

Figure 2.—Reticulum-cell sarcoma of liver showing infiltrating mass of tumor cells. 
Hematoxylin and eosin. X 90 

Figure 3.—Reticulum-cell sarcoma of liver showing characteristic histologic pattern. 
Hematoxylin and eosin. X 250 


Figure 4.—Solitary instance of adenocarcinoma of breast found in rat treated only 
with trypan blue. Hematoxylin and eosin. X 250 
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PLATE 116 


Figure 5.—Large adenocarcinoma of breast in irradiated and dye-stained rat. 


igure 6.—Relatively fibrous area in breast adenocarcinoma. Hematoxylin and 
eosin, 215 


Figure 7.—Cellular 


and eosin. 215 


area in same breast adenocarcinoma as figure 6. Hematoxylin 


Figure 8.—Periportal histiocytic proliferation, “eyst’ formation and “scalloping” 

associated with the development of reticulum-cell sarcoma in dye-stained rats. 
Hematoxylin and eosin. XX 250 

FIGURE 9.—Typical periportal proliferative changes in preirradiated and dye-stained 

rats which failed to progress to reticulum-cell sarcoma. 


Hematoxylin and eosin. 
250 
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Growth Studies on Sarcoma 37 in Mice! 


ABRAHAM GOLDIN, STEWART R. Humpureys, JOHN 
M. Venpitt1, Don DENnNis, and NatHaN MANTEL, 
Laboratory of Chemical Pharmacology and Biometry 
and Epidemiology Branch, National Cancer Institute,’ 
Bethesda, Md. 


In the development of effective procedures for anti-tumor chemotherapy, 
employing sarcoma 37 in mice, it was considered desirable to establish 
the normal pattern of tumor growth and to investigate host-tumor 
relationships for untreated animals. How does the pattern of growth 
of the tumor affect the growth of the host? Is the nutrition of the host 
affected? How direct are the effects of the tumor on the growth of the 
host? What are the competitive relationships of tumor and host for 
metabolite? 

The current experiments were designed to determine: 

(a) The normal average relationship between tumor weight and the 
external measurements of the tumor in the host. 

Establishment of this relationship would permit quantitative studies 

of tumor growth without the need to sacrifice animals. Schrek (1) 

employed this type of procedure to describe the growth curves of 

Walker carcinosarcoma 256 and Flexner-Jobling carcinoma in rats. 

Mider et al. employed Schrek’s formula for calculation of tumor weight in 

vivo to study the host-tumor relationship of the Walker tumor with 

reference to nitrogen and energy metabolism (2-6). Scholler et al. 

(7) employed a similar procedure, with spontaneous mammary adeno- 

carcinomas of mice, for the evaluation of potential chemotherapeutic 

agents. 
(6) The average growth pattern of the tumor. 
(c) The growth pattern of the tumor-bearing host with respect to total 
body weight and carcass weight. 

Carcass weight is determined by subtracting the calculated average 

tumor weight from the average total weight of the tumor-bearing mice. 
(d) The food intake of mice with and without tumor. 

In an attempt to separate any direct effects of the tumor on the mouse 

from indirect effects through alteration of food intake, two types of 

nontumorous control mice were used—mice fed ad libitum and mice 
on a diet isocaloric to that of the tumor-bearing animals. 
(e) The survival patterns of tumor-bearing mice. 
1 Received for publication October 18, 1955. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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The current study also permitted observation of the effects of age 
of the host, dose of tumor inoculum, and method of caging on tumor 
growth, host growth, dietary intake, and survival patterns. 


Materials and Methods 


The experiment was conducted with (BALB/c * DBA)F; hybrid male 
mice 9, 10, and 11 weeks of age.* The mice were housed on elevated 
wire screens in plastic cages, at an environmental temperature of 74 to 
78° F., and fed pulverized Purina chow. The feeding cup employed 
has been previously described (8). The tumor inoculum was prepared 
from tumor cultured intraperitoneally in ascitic form. Two concen- 
trations were employed: Mice inoculated with the high tumor inoculum 
received 1,360,000 cells suspended in 0.1 ml. of saline; those inoculated 
with the low tumor inoculum received 120,000 cells suspended in 0.1 ml. 
of saline. Inoculations were made in the right thigh. 

Palpation measurements were of two types. For the smaller tumors 
(generally under 1 gm.), the measurements were expressed in terms 
of bead size; for the larger tumors they were obtained as the lengths, 
in millimeters, of the principal diameters along three orthogonal axes, 
measured with vernier calipers. For some tumors, both types of palpa- 
tion measurements were obtained. On the basis that the palpation 
measurement so obtained would include the thickness of the mouse 
skin, the tumor measurement was considered to be 2 mm. less than the 
observed measurement. The three principal diameter measurements 
could then be summarized by their product. Specific-gravity deter- 
minations were made according to the method employed by Schrek (1). 

The experiment was divided into three parts. 


I. Four mice were housed in each cage and were fed ad libitum with two 
feeding cups per cage. Two age groups of mice and the two levels of 
tumor inoculum previously mentioned were employed. The experi- 
mental groups included: (a) 9-week-old mice receiving high tumor 
inoculum, (6) 9-week-old mice receiving low tumor inoculum, (c) 11- 
week-old mice receiving high tumor inoculum, and (d) 11-week-old 
mice receiving low tumor inoculum. Four mice from each of the 
above groups were sacrificed every second day, starting 3 days after 
tumor inoculation. Up to the time of sacrifice, daily measurements 
were made of the weights of the mice, food intake (per cage), and the 
dimensions of the tumors. At sacrifice, determination was made of 
the weight, volume, and specific gravity of the tumor and carcass 
weight of the host. The relationship of tumor dimensions to actual 
tumor weight on day of sacrifice was used to determine the average 
relationship between the two. Survival times were noted for mice 
that died from tumor prior to the time of sacrifice. 


3 The intention here was not to explore the effects of age differences. The number of mice available in any 
one age group was limited and mice of moderately different age groups had to be employed. 
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II. The mice were housed individually and were fed ad libitum with a single 
feeding cup per cage. The experimental groups, consisting of 10 
animals each, included: (a) 9-week-old mice receiving high tumor 
inoculum, (6) 9-week-old mice receiving low tumor inoculum, (ce) 9- 
week-old mice receiving no inoculum, (d) 11-week-old mice receiving 
high tumor inoculum, (e) 11-week-old mice receiving low tumor 
inoculum, and (f) 11-week-old mice receiving no inoculum. Daily 
measurements were taken of the weights of the mice, food intake, and 
tumor dimensions. None of the mice were sacrificed, but rather the 
survival time of each mouse was noted. 


III. Five mice were housed in each cage with three feeding cups per cage. 
The mice were 10 weeks of age. The experimental groups included: 
(a) mice receiving high tumor inoculum and fed ad libitum, (6) mice 
receiving no inoculum and fed isocalorically to group (a), (c) mice 
receiving a low tumor inoculum and fed ad libitum, (d) mice receiving 
no inoculum and fed isocalorically to group (c), (e) mice receiving no 
inoculum and fed ad libitum. There were 10 mice in each experi- 
mental group. For the isocaloric controls, each cage of 5 tumor-free 
mice was matched for food intake, 1 day later, with a cage of 5 
tumor-bearing mice, adjustments being made for any deaths which 
occurred. Daily determination was made of the weight of the mice, 
food intake (per cage), tumor dimensions, and survival time. 


Results 


Text-figure 1 (see Methods, I) shows the relationship of the tumor palpa- 
tion measurements in the live animal prior to sacrifice to the actual 
weight of the tumor when removed. Data for 9- and 11-week-old mice, 
with high and low inoculum, are combined. 

The relationship between average tumor size and bead palpation meas- 
urements is shown in the second panel of text-figure 1. While individual 
tumors with the same measured bead size varied considerably in actual 
weight, the average tumor weight for a given bead size formed a consistent 
pattern. A smoothed curve has been drawn in to represent the average 
relationship. The high average for bead size 1 has been largely ignored, 
being due principally to a sirgle heavy tumor. The other two tumors 
with this bead size were close to the curve shown. 

The first panel of text-figure 1 shows, for. each tumor palpated with 
calipers, the actual weight after excision related to its summary product 
(L-2)(W-2)(D-2). While individual tumors with the same summary prod- 
uct may differ widely in weight, the relationship would seem strong enough 
for obtaining reliable average tumor weights for groups of tumors from 
their summary products. If the tumors were ellipsoidal in shape, then 
the weight of a tumor should be equal to its summary product multiplied 
by 2/6 times its specific gravity. The line in text-figure 1 represents such 
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TEXT-FIGURE 1.— Relationship between tumor weight and tumor palpation measure- 
ments. The first panel shows, for each tumor, its weight related to the product 
of three orthogonal measurements, each measurement being reduced by 2 mm. as 
an adjustment for thickness of the mouse skip. The line in the panel represents 
the theoretical relationship which would apply if each tumor were an ellipsoid with 
specific gravity 1.045. For tumors too small to be measured by calipers, the 
second panel shows the relationship of average tumor weight to tumor bead size 
as estimated by comparison with beads of known diameter. The curve in this panel 
was drawn in free-hand. (The average weights for small bead sizes are consid- 
erably greater than the bead sizes would suggest. The underestimation of tumor 


diameter in this type of palpation is probably due to distortion of the soft tumor 
tissue under the pressure of palpation.) 


a relationship with the specific gravity taken as 1.045,* the resulting line 
being tumor weight (mg.)=0.5472 (L-2)(W-2)(D-2). 

Except for the largest tumors (over 6 gm.), the individual points are 
fairly well centered about the theoretical line computed in this way. 
The poorer agreement for the larger tumors may be due to the greater 
irregularity in shape for such tumors, such irregularity occurring either 
normally in growth or through occasional ulceration of the tumor. The 
overestimation for the large tumors provided by the theoretical line 
appears to be in the neighborhood of approximately 20 percent. 

The theoretical line and smoothed curve in the panels of text-figure 1 
can be used to convert the palpation measurements and bead sizes into 
average tumor weights. Text-figure 2 (see Methods, I) shows the rela- 
tionsbip of the actual average tumor weights on each sacrifice day with 
the calculated average tumor weights based on palpation data just prior 
to sacrifice. Data for 9- and 11-week-old mice are combined, but the 
data for high and low tumor inoculums are kept separate. Because of 
deaths occurriug prior to a scheduled sacrifice day the number of mice on 

4 This figure is based on specific-gravity determinations for tumors. Low specific gravities were found for 


very small tumors, probably due to the larger relative amount of adhering fat. With increasing tumor size (500- 
1,000 mg.) the specific gravity was found to stabilize at an average of 1.045. 
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which any average is based gradually diminishes. Besides showing the 
agreement of actual and calculated average tumor sizes, this figure 
demonstrates the average course of growth of the tumor. Some bias is 
introduced in the later periods because of the failure to include tumors 
which caused early death of the host. 

For mice which were not scheduled for sacrifice (see Methods, II) but 
were observed and palpated daily until death, only the calculated average 
tumor weight, based on tumor palpations, was obtained. Text-figure 3 
shows the daily average calculated tumor weights for the 9- and 11-week- 
old mice, receiving low and high tumor inoculums, housed individually. 
The averages are for surviving animals at each observation period. It 
may be noted that the average growth of the tumor was approximately 
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TEXtT-FIGURE 2.—Comparison of actual and calculated average tumor weights. For 
each group of tumors which were palpated just prior to sacrifice of the animals, 
and actually weighed thereafter, both the actual average weights and the calculated 
average weights, based on the relationships of text-figure 1, are shown. This 
figure also demonstrates the average course of growth of the tumor. 
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the same whether implanted in the younger (9-week-old) mice or in the 
older (11-week-old) mice. Dose of the tumor inoculum did influence 
the growth of the tumor. With the higher inoculum, the average tumor 
was, for a long period, consistently larger than that observed with the 
lower inoculum, and was approximately 3 to 4 days ahead in its growth. 

In terms of relative tumor growth (text-figs. 2 and 3) the tumor grew 
most rapidly in the early period, with later growth becoming less and less 
rapid. In terms of actual rather than relative weight increases, the tumor 
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TEXtT-FIGURE 3.— Average course of growth of sarcoma 37 in mice. The relationships 
in text-figure 1 have been used to convert the tumor-palpation measurements made 
periodically into average tumor weights. There is little difference between the 
tumors of 9- and 11-week-old mice, but the tumors resulting from the high inoculum 
lead those resulting from the low inoculum by 3 to 5 days. 


§ In a subsequent experiment, in which there was a greater difference in the age of the mice, it was noted that 
the tumor did grow somewhat more rapidly in younger mice than in older mice. However, this difference in the 


rate of growth of the tumor could only partially account for the observation that the older mice survived longer 
than did younger mice. 
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grew more slowly in the early period and the rate of growth increased with 
time. 

Text-figure 4 (see Methods, II) shows total-body weight, carcass weight, 
and food intake of individually caged 11-week-old mice receiving low 
and high tumor inoculums, as compared with a control group of mice 
receiving no inoculum, also caged individually and fed ad libitum. While 
the food consumption of control mice without tumor increased moderately, 
food consumption for the tumor-bearing mice showed a moderate drop 
with subsequent recovery. The recovery in food consumption for 
tumor-bearing mice would have been more marked were it not for the 
effects of very low food consumption by tumor-bearing mice just prior 
to death. 

Despite their lower food consumption, the tumor-bearing mice attained 
average total weights, including their tumors, somewhat greater than 
the controls without tumor. If the calculated average tumor weight is 
subtracted from the average total weight, including tumor, an estimate is 
obtained of the average carcass weight. The average carcass weight for 
the tumor-bearing mice was somewhat less than that for their controls 
and represents a moderate reduction from their initial average weights. 
The reduction would be somewhat less evident if allowance were made for 
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TEXT-FIGURE 4.— Effects of low and high tumor inoculums on 11-week-old mice caged 
individually. This figure shows the average of total weight, carcass weight only, 
and food consumption for these mice. Also shown are their individual days of 


death. Controls consisted of a group of tumor-free mice caged individually and 
permitted to feed ad libitum. 
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the probable overestimation of weight of large tumors. Similar results 
were obtained with 9-week-old mice in the same portion of the experiment 
(see Methods, II). 

Table 1 shows the status of the mice 19 days after inoculation. This 
is the last day on which all tumor-bearing mice were still alive. As a 
measure of variability among mice, ranges as well as averages are shown, 
and except for showing such ranges, the data of table 1 are essentially 
all shown in the text figures. Because of the unreliability of individually 
calculated tumor weights, the range of variation in calculated tumor 
sizes shown in this table is probably greater than that actually existing 
among the tumors. The average daily food consumption for the 5-day 
period, 15th to 19th days after tumor inoculation, provides an index of 
the effect of tumor on level of food intake. The eventual reduction in 
food consumption effected in the mice receiving the low inoculum is not 
fully reflected by this index, since for these tumors minimal food con- 
sumption occurs between the 20th and 25th days. 


TaBLeE 1.—Tumor size and total mouse weight, 19th day after inoculation, and food 
consumption 15 to 19 days after inoculation 





Average and range* 





. | Total mouse weight | Average daily 
Group and inoculum Calculated tumor | including tumor, | food consump- 


size, 19th day 19th day | tion, 15th to 
19th days 
(gm.) (gm.) (gm./day) 





Individually caged mice (Methods, II) 





9-Week-old mice | 
Low tumor inoculum..... 3. 6 (2.3-3.3) | 26. 








8 (23. 5-30) | 3.0 (2. 2-3. 8) 
High tumor inoculum.....| 5.7 (1.4-10.6)| 26. 4 (23-29) 2. 9 (2. 3-4. 0) 
OS Se aa — | 26. 4 (22. 5-30) 4.0 (3. 4-4. 5) 
11-Week-old mice 
Low tumor inoculum..... | 3.3 (0.5-10.7)} 28.1 (23. 5-30. 5)| 3. 4 (2. 7-4. 0) 
High tumor inoculum.....| 5.6 (4.1-8.9) | 28.1 (24-32) | 3.0 (2. 43. 5) 
OO aa —_— | 27.2 (25. 5-30. 5)| 4. 2 (3. 7-4. 6) 
Mice caged in groups of five (Methods, III) 
| 
10-Week-old mice | 
Low tumor inoculum..... 3. 2 (1. 8-5.3) | 26.2 (24. 5-30) 2. 4 
High tumor inoculum.....| 6.7 (4.8-7.9) | 25.7 (21. 5-28. 5)| 1. 6 
Ad libitum controls....... —_— | 26. 5 (22-29) 3. 8 
Isocaloric controls 
To low inoculum....... — 20. 4 (16-22. 5) — 
To high inoculum...... — 19. 8 (17. 5-23) —_ 





* Figures represent average and range for 10 mice, except for the 11-week-old, high tumor inoculum group 
where 1 mouse was lost, For mice caged in groups, range of variation from mouse to mouse in food consumption 
was not available. 

Text-figure 5 (see Methods, III) summarizes the results of a portion 
of the experiment designed to investigate the question of unequal food 
consumption by tumor-bearing (receiving low and high tumor inoculum) 
and non-tumor-bearing mice. The mice were caged in groups of 5. 
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In contrast with their ad libitum controls, the tumor-bearing mice 
showed a marked and prolonged reduction in their food intake, followed 
by subsequent recovery. This is in contrast with the moderate reduction 
found when the tumor-bearing mice were caged individually. This 
difference, then, may be related to the method of caging. The individu- 
ally caged tumor-bearing mouse can get at its food without difficulty. 
With 5 tumor-bearing mice in a cage, and only 3 feeding cups in the cage, 
the difficulty for tumor-weakened mice, attendant in competing for food, 
may serve to reduce food consumption further. 





LOW TUMOR INOCULUM HIGH TUMOR INOCULUM 
33 T l T as 
TUMOR BEARING MICE 
Total mouse ‘weight,inciuding tumor TUMOR - BEARING MICE 
30 Larcess weight only 






Total mouse weight, 
including tumor 
Carcass weight 
only 
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TEXT-FIGURE 5.— Effects of low and high tumor inoculum on 10-week-old mice caged 
in groups of 5. This figure shows the average of total weight, carcass weight only, 
and food consumption for these mice. Also shown are their individual days of 
death. Two kinds of tumor-free controls, caged in groups of 5, were employed. 
These were controls feeding ad libitum, and controls on a diet isocaloric to the 
tumor-bearing mice. 


Even with the sharp reduction in their food intake (text-fig. 5), tumor- 
bearing mice attained average total weights approximately equal to or 
slightly greater than their ad libitum controls. Their average carcass 
weight was considerably less than the average body weight of the controls 
that were fed ad libitum. Initially, the isocaloric controls lost weight, 
while the tumor-bearing mice showed some gain in carcass weight. 
Eventually, however, as the tumor increased in weight the carcass weight 
of tumor-bearing mice fell off sharply, approximating that of the isocaloric 
controls. It was noted that the tumor-bearing mice were relatively 
inactive, while the isocaloric controls were restless and consumed their 
food rapidly, apparently because of the restricted nature of their diet. 
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From table 2 (see Methods, IT and III) it can be seen that it took the 
low tumor inoculum 4 to 5 days longer, on the average, to kill the host, 
and that the older mice (11 weeks old) took 2 to 3 days longer to succumb 
to the tumor than did the younger mice (9 weeks old). The effect of 
size of tumor inoculum was manifested in several other ways. With the 
high tumor inoculum, the following phenomena all occurred (text-figs. 4 
and 5) 5 to 7 days sooner than with the low tumor inoculum: (a) average 
food consumption fell to a minimum, (}) average carcass weight fell below 
initial average body weight, and (c) average carcass weight was reduced 
to the average body weight of isocaloric controls. In terms of size of 
tumor attained (text-figs. 2 and 3) the lag between the low and high 
tumor inoculums was closer to that observed for survival time (3 to 5 
days). None of these phenomena, other than survival time, showed any 
important relationship to the age of the tumor-bearing mice (see foot- 
notes 3 and 5). 


TABLE 2.— Average day of death and mazimum size attained by tumor 





Average + standard error 





: Maximum cal- 
Group and inoculum a © 


culated weight 
Day of death* attained by 


tumorf (gm.) 





Individually caged mice (Methods, II) 





9-Week-old mice 








ee ee 31.041.3 | 11.6+1.2 
ee re 26.041.3 | 10.4+0.8 
11-Week-old mice 
cae aa eee ee wwe me 33.1+1.4 11.8+1.9 
Be Pr SID 6 ne .ce cnwaisenoncweews 28.9+1.3 10.9+0. 5 
Mice caged in groups of five (Methods, III) 
l 
10-Week-old mice 
Sar GERNOT TROON. 5.0.05 sc cccccvccsvees 29.341.2 | 10.1+1.2 
Bee PNET DOBGIN ok. 56.5 ccenwesiowsaee 25.0+1.1 9.0+0. 6 








*The following effects are significant at the 5 percent level or better: 

a. Death occurs later, on the average, for the low tumor inoculum than for the high. 

6. Death occurs sooner, on the average, for the 10-week-old mice caged in groups of five than for the average 

of 9- and 11-week-old mice caged individually. 

The difference between the average time of death for 9- and 11-week-old mice just barely falls short of significance, 
with death occurring sooner for the younger mice. 

tExtremely large tumors occurred almost exclusively among the mice receiving the low tumor inoculum. In 
fact, the 9 largest tumors observed occurred among the 30 mice in these groups. This, of itself, is significant 
evidence of the larger sizes attained by the low inoculum tumors. This is not fully reflected in the average maxi- 
mum calculated tumor weights shown here since downward biases in these averages, such as those resulting 
from extraneous deaths occurring early, were more serious for the low inoculum tumors than for the high. 


It is also indicated (table 2) that the longer it takes a tumor to kill, 
the greater the eventual size the tumor attains beforeit kills. A measure 
of eventual tumor size is obtained by taking, for each mouse, the largest 
calculated tumor weight it attains. This may introduce some over- 
estimation of eventual average tumor size due to the unreliability of 
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single calculated tumor weights, but it avoids the underestimation pro- 
vided by final tumor size that may result due to tumors becoming ulcer- 
ated. For the purpose of comparing different groups, averages of such 
maximum calculated tumor weights are valid. The data (table 2) show 
that the later-developing tumors resulting from low inoculum eventually 
attained greater weights than did the earlier-dex ioping high inoculum 
tumors. Also, the weights attained by the tumours of the 10-week-old 
mice, caged in groups of five and dying earlier (see next paragraph), on 
the average, were not so great as those attained by the tumors of the 
individually caged 9- and 11-week-old mice. 

The method of caging and the number of feeders available to the mice 
appear to determine whether the tumor will produce a moderate or a 
drastic reduction in food intake. As indicated above, tumor-bearing 
animals caged in groups, with a limited number of feeders, showed con- 
siderably greater reduction in food intake than did animals housed indi- 
vidually. This seems to be reflected also in the survival time of the 
mice. In table 1 it may be noted that 10-week-old mice caged in groups 
of 5 (3 feeders per cage) died sooner than either the 9-week-old or the 
11-week-old mice caged individually. 


Discussion 


There is a general similarity between the current results with a sarcoma 
in mice and those of Mider et al. who employed the Walker carcinoma 
256 in rats (2). (a) Despite the reduction in food intake for cancerous 
animals after the noticeable onset of progressive tumor growth, these 
animals continued to gain in total weight at a rate comparable to or 
faster than their noncancerous controls. (6) In contrast with the con- 
tinued growth in total weight of cancerous animals, control animals on a 
diet isocaloric to them were unable to maintain their weight, the decline 
in weight coinciding with the noticeable onset of progressive tumor growth 
for the cancerous animals. (c) Initially, the carcass (animal minus tumor) 
of the cancerous animal increased in weight, but began to decline as the 
tumor became manifest. The tumor, itself, continued to grow at an 
increasingly rapid absolute rate, more than offsetting the decline in weight 
of the animal carcass, and eventually attaining a size comparable, in 
some cases, to that of the carcass of the cancerous animal. In the current 
experiments, the weight of the carcass of the tumor-bearing mice approxi- 
mated the body weight of their isocaloric controls. 

The ability of both the tumor-bearing. mouse and rat to gain more 
weight for a given amount of food ingested than the normal mouse or 
rat is clearly established. This increased weight gain for the cancerous 
animal may be partially accounted for by the high water content of 
tumor tissue (4). Mider also found the tumor tissue to be of low nitrogen 
content relative to normal tissue (2). 

The observation that the carcass weight of tumor-bearing mice was 
approximately the same as the body weight of their isocaloric controls 
would, at first, appear to suggest that the loss in carcass weight can be 
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fully accounted for by the decrease in food intake of the tumor-bearing 
animal. In addition, it would seem to suggest that the growth of the 
tumor was achieved at no expense to the host. These observations would 
seem to be, but are not necessarily, at variance with the observation that 
the Walker tumor takes nitrogen from the carcass in excess of the amount 
that the diet provides (2-6). Data of the kind obtained in the current 
experiments must be interpreted with caution. Feeding control mice 
the same amount of food as the tumor-bearing mice ingest does not 
necessarily provide a valid isocaloric control. In the current experiments 
these isocaloric controls were irritable and much more active than the 
mice with tumor. To some degree, this could account for the extensive 
weight loss of these controls. Thus, in the comparison of carcass weight 
of cancerous mice with isocaloric controls, the separation of dietary and 
carcass contribution to the growth of the tumor may be obscured by the 
lesser activity of the tumor-bearing host. 

The general similarity of observations for the growth of sarcoma 37 in 
mice with that of the Walker carcinoma in rats suggests that underlying 
mechanisms may be similar. Extension of the observations of Mider et al. 
with respect to nitrogen and energy metabolism in cancerous rats (2-6) 
to mice with tumor would be desirable to determine the extent of parallel- 
ism. In addition, it would be of interest to determine to how wide a 
spectrum of tumors the current results apply. 

The efficacy of drug treatment has been shown by Goldin et al. (9-14) 
to be influenced by the host-tumor relationship. The specificity of action 
of drugs expressed in terms of the relative effect of the drug on tumor 
and host was shown to be influenced by factors such as: the time at which 
treatment is administered, the number of treatments, the spacing of the 
treatments, the administration of a metabolite with an antagonist, and 
the age and weight of the animals. Additional knowledge of the host- 
tumor relationship may be useful in interpretation of drug effects and 
may serve as a basis in attempts to improve drug treatment. 

Caloric restriction per se or anorexia resulting from drug administration 
may retard tumor growth (8,15,16), but it may produce effects which are 
detrimental to the host. The resulting changes in the host-tumor rela- 
tionship in chemotherapy have not been examined, so far, in any detail. 

Diminished caloric intake and decreased carcass weight, accompanying 
tumor growth, may contribute to the reduced effectiveness of drug treat- 
ment against advanced tumors. With advanced tumors the animals may 
not be able to tolerate sufficient quantities of drug (117). If it were possible 
to increase the drug tolerance of the host with advanced tumor, enhanced 
antineoplastic activity could result. 

Begg and Dickinson (17) showed that the carcass of rats with Walker 
tumor on a high-fat diet gained as much weight as normal rats. Mider 
found that feeding of desiccated tumor increased life span, and the tumor 
achieved a larger size prior to death (18). Could advantage be taken of 
such observations in terms of drug therapy? 

With sarcoma 37 and with leukemia L1210 (1/4) older mice lived longer 
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than younger mice and the tumor achieved a larger size prior to death. 
With leukemia L1210 the older mice also showed less sensitivity to drug 
treatment, permitting higher levels of anti-tumor chemotherapy (14). 

Sarcoma 37 has been employed extensively (19,20) in the screening of 
chemotherapeutic agents. In this laboratory alone some 400 compounds 
have been demonstrated to be capable of inducing damage to this tumor 
and merit further study. Knowledge of the host-tumor relationship 
should be helpful in such studies. 


Summary 


The development of the transplanted sarcoma 37 tumor in mice is 
characterized by a rapid initial relative rate of growth, with subsequent 
slowing down. In terms of absolute growth, over the period of observa- 
tion which extends until the death of the host, the tumor grows at an in- 
creasingly rapid rate—achieving very great sizes, in some cases comparable 
in weight to the carcass of the mouse, excluding the tumor. This extremely 
high rate of growth of the tumor is accompanied by a reduction in the 
carcass weight of the host. The reduction in carcass weight can be 
accounted for, in large measure, by the reduction in food intake for 
tumor-bearing mice. The reduction of food consumption was found to be 
much greater, and hence carcass weight reduced more, when tumor- 
bearing mice were caged in groups rather than individually. 

The small age difference in the tumor-bearing mice employed was found 
not to be a factor in the growth of tumor, but it took the tumor longer 
to kill the older mice and generally the tumor attained heavier average 
weights in this time. When the dose of tumor inoculum was reduced, the 
growth of the tumor paralleled that for the higher inoculum but lagged 
several days behind. With the reduced inoculum, it took the tumor longer 
to kill the host, and the tumor had to attain heavier weights, on the 
average, before death occurred. When mice were caged in groups, death 
occurred sooner and the tumor did not attain as heavy weights prior to 
death. 

A general similarity was noted between these results, employing a 
sarcoma in mice, with the observations of others employing carcinoma in 
rats. The interrelationships of host and tumor and their implications 
with respect to tumor chemotherapy are discussed. 
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The Cultivation of Walker Carcinosar- 
coma 256 in Vitro from Cell Suspen- 
sions! 


Tuomas A. McCoy and Rosert E. Neuman,’ 
Biomedical Division of The Samuel Roberts Noble 
Foundation, Inc., Ardmore, Okla. 


The history of the Walker carcinosarcoma 256 has been reviewed 
in detail by Earle, who reported at the same time studies of the growth 
and nutrition of this tumor in tissue culture (1). The tissue was cultivated 
in plasma clots with an overlying fluid layer consisting of rat or horse 
serum, embryo extract, and a balanced salt solution (/, 2). 

The present paper describes cultivation of the Walker 256 cells adhering 
directly to the surface of the flask and growing in fluid media. The 
cultures were routinely established from cell suspensions prepared from 
the freshly excised tumor. 


Materials and Methods 


The stock tumor* was carried in Sprague-Dawley rats (Holtzman 
strain) for a period of 8 to 12 days. Transplants were made by inoculating 
a tumor suspension in the rectus femoris region of the thigh according 
to the method of Talalay et al. (3). The tumor suspension used in tissue- 
culture studies was prepared in the following manner: The tumor mass 
was removed aseptically from the animal, freed of connective and necrotic 
tissue, and washed with Earle’s balanced salt solution (4) containing 
200 wg. per ml. each of sodium penicillin G and streptomycin sulfate. 
The fragments were pressed through 3 iayers of 30-mesh stainless steel 
wire cloth in the barrel of a 5 ml. Luer-Lok syringe fitted with a 20-gauge 
needle, 1 inch long. The paste was suspended in several ml. of Earle’s 
solution and filtered through a loose pad of glass wool. The resulting 
suspension of single cells or small clumps was centrifuged at 120 X g for 
5 minutes. The supernatant was removed and the cells were resuspended 
in the Earle’s solution. Whole, healthy-appearing cells of sharp outline 
contained in this suspension were estimated in a hemocytometer. Appro- 
priate dilutions were made with the salt solution so that the initial inocu- 


1 Received for publication October 18, 1955. 

2 The authors gratefully acknowledge the technical assistance of Mr. Gene Conway, Miss Beverly Cooper, 
and Mr. Merle Maxwell. 

3 The authors are indebted to Dr. M. R. Shetlar, Oklahoma Veterans Hospital, Oklahoma City, Okla., and to 
Dr. Paul Talalay, Ben May Laboratory for Cancer Research, University of Chicago, Chicago, Ill., for supplying 
the initial source of the Walker 256 tumor. Tumor from both sources responded consistently to experimental 
procedures used in this iaboratory. 
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lum could be controlled. Usually the final cell concentration in the 
flasks was approximately 200,000 cells per ml. 

Embryo extract was prepared from 10-day-old chick embryos of 
registered White Leghorn stock. The embryos were removed aseptically 
from the egg, washed with Earle’s solution, and ejected through the 
orifice of a 20 ml. Yale BD syringe into an equal volume of Earle’s 
solution. The mixture was placed in the refrigerator (4° C.) for 1 hour 
with occasional agitation and then centrifuged at 2,000 X g for 10 minutes. 
The supernate was removed and frozen until used. This extract was 
prepared weekly. Immediately before use, the frozen supernate was 
removed from the refrigerator, thawed in a warm water bath, and re- 
centrifuged at 2,000 X g for 5 minutes. 

Rat serum was prepared from blood obtained by cardiac puncture. 
To increase yield, blood escaping into the thoracic cavity of suecumbing 
rats was collected. The blood was allowed to clot and then placed in a 
refrigerator (4° C.) for 4 hours. During this time, the clot contracted 
and the serum was collected after centrifugation at 2,000 < g for 10 
minutes. Rat blood readily hemolyzes and, despite the care exercised 
in handling it, some degree of hemolysis always occurred. Other sera 
were prepared in the same fashion from blood obtained from various 
animals in this laboratory. An amino acid and vitamin supplement was 
prepared containing amino acids in quantities similar to those described by 
Eagle (5) and water-soluble vitamins in quantities similar to those used 
by Morgan, Morton, and Parker (6). In this paper, the mixture will be 
referred to as the amino acid mixture. 

The standard amino acid composition per ml. in the final medium was: 6.12 ug. 
pL-tryptophan, 24.8 wg. pt-phenylalanine, 8.2 ug. L-tyrosine, 15.8 ug. L-arginine-HCl, 
6.3 ug. t-histidine-HCl-H,O, 27.4 ug. t-lysine-HCl, 7.9 ug. t-cysteine-HCl-H,O, 13.4 ug. 
pi-methionine, 18.8 yg. L-isoleucine, 18.8 wg. L-leucine, 35.2 ug. pi-valine, 35.7 ug. 
pi-threonine, 11.3 wg. glycine, 27.7 ug. pi-alanine, 16.8 wg. L-proline, 18.1 ug. hydroxy- 
L-proline, 31.8 wg. pL-serine, 20.0 ug. L-aspartic acid, 22.1 ug. t-glutamic acid, and 219.2 
ug. t-glutamine. The standard vitamin concentration for 100 ml. final medium was 
3.75 wg. each of nicotinic acid, nicotinamide, pyridoxine-HCl, pyridoxal-HCl; 1.5 ug. 
each of thiamin-HCl, riboflavine, calcium pantothenate, d-biotin, and folie acid; 
7.5 wg. inositol and p-aminobenzoiec acid; and 75 ug. choline chloride. This supple- 
ment was prepared with Earle’s solution as solvent. A 1 percent Difco-Bacto yeast 
extract was prepared in Earle’s solution. The pH of the various solutions was ad- 
justed to 7.5 to 7.8, sterilized by filtration through Selas filters, of #03 porosity (Selas 
Corporation of America, Fluid Processing Division, Philadelphia, Pa.), and stored 
at 4° C. 

The initial cell inoculum was prepared by diluting the concentrated 
cell suspension with an appropriate amount of Earle’s solution. Each 
ingredient, 7.e., serum, embryo extract, amino acid mixture, yeast extract, 
Earle’s solution, etc., was added separately to T-15 flasks (District 
Scientific Company, Washington, D. C.). Afterward the cell inoculum 
was introduced. During this procedure the cell inoculum was agitated 
to prevent the rapid settling of the tumor cells. The final volume 
in all flasks was 2 ml. Sufficient antibiotics were contained in a 
portion of the Earle’s solution or in the cell suspension to yield a final 
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concentration of 50 wg. per ml. each of sodium penicillin G and strepto- 
mycin sulfate. The flasks were sealed with silicone stoppers (West 
Company, Phoenixville, Pa.) and incubated at 37° C. The medium was 
replaced with fresh solutions after the first 48 hours and every 24 to 48 
hours thereafter. Usually the tests were completed in 72 hours. Growth 
at this time was sufficient to determine the relative response to various 
media. 

The growth response of the cells was determined by whole-cell count 
in a hemocytometer. For this purpose, the cells were stored for several 
hours at 6° C.; whereupon they were easily removed from the flask surface 
by agitation of the medium. All treatments were performed in duplicate 
flasks and at least 4 counts per treatment were made. In general, the 
average deviations did not exceed 10 percent of the mean; but when a 
larger deviation was encountered, the tests were rerun and a larger 
number of cell counts were made. 

When subculturing techniques were used, the flasks were maintained 
for about 7 days. At the end of this time, the flasks contained a very 
heavy cell population which was then scraped from the flask with a 
platinum spatula. 


Results 


The initial studies consisted of following the response of the Walker 
tumor to sera from various sources. The media contained only serum 
and Earle’s solution. The sera used were human, bovine, porcine, horse, 
rabbit, chicken, and rat in the concentrations from 5 to 40 percent. With 
the exception of rat serum, the sera tested were relatively unsatisfactory 
in varying degrees. For example, when the horse serum in Earle’s 
solution was used, suspensions of the Walker 256 cells failed to become 
established in appreciable quantities on the surface of the flask. This 
was consistent irrespective of the initial inoculum (100,000—1,000,000 
cells per ml.). The cells displayed other symptoms indicative of in- 
adequacy of the medium, such as granulation, obscure outlines, scant 
spindle formation, and a progressive decrease in number. On the other 
hand, when rat serum was used, a large proportion of the cells would 
adhere overnight to the surface of the flask and form a characteristic 
spindle shape with clear cytoplasm and sharp outline. An increase of 
100 percent in cell number would occur in the 40 percent-serum treatment 
during the test period. Chicken serum appeared to be the least beneficial 
of the sera tested. 

Of particular interest was the observation that supplementing the var- 
ious sera with embryo extract in concentrations of from 5 to 20 percent 
aggravated the poor response. The toxicity of embryo extract for the 
Walker tumor under these conditions was a most unusual observation. 
The relatively superior response of the tumor in rat serum was eradicated 
in the presence of 5 percent embryo extract. In an adequate medium, 
which is described below, 0.5 percent embryo extract was quite toxic. 
It should be pointed out that embryo extract prepared in the manner 
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described is used routinely in this laboratory for chick-embryo cells and 
human tumor cells. The extract is extremely potent in supporting 
growth and the healthy appearance of chick cells and has proved essential, 
together with serum, for the growth of some human tumor cells main- 
tained in this laboratory. 

When rat serum was supplemented with the amino acid mixture de- 
scribed, the growth response of the tumor was enhanced. The further 
addition of yeast extract was found to stimulate the growth beyond that 
of any mixture heretofore observed. Investigations were undertaken to 
determine the response of the Walker tumor to different concentrations 
of amino acid mixtures, sera, and yeast extract. These results can be 
seen in table 1. The level of 5 percent rat serum, 500 ug. per ml. yeast 
extract, and the amino acid mixture at the relative concentration of unity 
evoked the best response of the tumor cells. Decreasing the concentration 
of the synthetic mixture to 0.33 times the standard concentrations defi- 
nitely limited growth. Values appeared to plateau between 0.67 and 1.0. 
Use of 10 percent serum offered no advantages over 5 percent. Related 
studies revealed that growth in flasks containing optimal amounts of any 
two ingredients, but with the omission of any third ingredient, did not 
compare with flasks containing serum, amino acids, and yeast extract. 
Cells survived in the absence of serum and displayed a healthy appearance. 
However, after maintenance for 2 weeks, cell numbers were not appreciably 


TaBLE 1.—Response of Walker carcinosarcoma 256 to different concentrations of rat 
serum, amino acid mixture, and yeast extract 























Treatment eat Ott ) 
\ 
\. Amino 
acid 
mix- a 
ture* 0.33 0.67 1.0 
Yeast 
extract \. 
Series Series Series 
1 2 | 1 2 | 1 2 
| | 
pg/ml. 1% Rat serum 
100 209 166 202 
500 354 506 453 
1000 269 356 _— 
5% Rat serum 
100 462 649 500 580 557 518 
500 687 520 | 933 936 1010 990 
1000 471 496 976 683 1130 747 
10% Rat serum 
100 782 607 560 583 604 522 
500 689 520 693 520 898 870 
1000 547 496 849 607 836 607 











*The amino acid mixture in the final concentration, as described in this text, is designated by the value of 1.0. 
Estimated initial cell count = 200,000/ml. 
Final cell counts were made at 72 hours with one change of medium at 48 hours. 
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altered. Horse serum with added amino acid mixtures and yeast extract 
produced responses very similar to those recorded for rat serum. 

The results of a more detailed study of the effects of yeast extract and 
growth of cells over a wider concentration range of serum supplemented 
with the amino acid mixture is shown in table 2. Even at the lowest 
concentrations of serum, yeast extract considerably stimulated growth. 
The typical response of serum alone diluted with Earle’s solution was 
destruction of culture at 5 percent levels, poor growth at 10 percent, per- 
haps half maximum growth of cells in 40 percent serum compared with 
that obtained with amino acid supplements. Microscopic examination 
of cells growing in 40 percent rat serum with and without amino acid sup- 
plementation always revealed granulation and rounding of cells as occurs 
in inadequate media. Although the addition of the amino acid mixture 
enhanced the growth of tumor cells in the presence of rat serum, bene- 
ficial effects of the amino acids were only slight when added to horse 
serum. Despite the considerable growth obtained at the 1 percent rat 
serum level (table 2), repeated tests showed that the growth was more 
consistent and usually greater with 5 percent rat serum. The amino 
acids in concentrations up to fourfold the standard amount or the vitamin 
mixture of Eagle (7) did not replace the requirement for yeast extract. 


TaBLe 2.—Growth of Walker carcinosarcoma 256 in rat 
serum and amino acids with and without yeast extract* 











Cell count 
(n x 10-3/ml.) 
Rat serum 
(percent) Amino acid mixture | Amino acid mixture 
(Mean+ Avg. Dev.) + yeast extract 

(Mean+ Avg. Dev.) 

1 126+ 8 758 +36 

5 187+27 733+18 

10 270+ 8 729+24 

20 307+38 676+36 

40 420+ 24 778 +36 











*The composition of the amino acid mixture is described in the text. 
Estimated initial cells=200,000/ml. 


Final cell counts made after 72 hours’ incubation with one change of medium 
at 48 hours. 


Some mention should be made with respect to long-term culture. The 
Walker tumor has been subcultured in this: laboratory for 9 transfer 
generations on media containing rat serum, as well as horse serum. Cells 
consistently increased 6- to 10-fold each week on media containing 5 per- 
cent rat or horse serum, amino acid mixture, and 0.05 percent yeast 
extract. No morphologic or physiologic changes appeared to take place 
(figs. 1 and 2). Figure 3 shows a heavy culture just previous to sub- 
culturing. The cells have assumed a characteristic epithelial sheet fol- 
lowing a heavy population. Cells from the sixth transfer generation in 
the medium containing horse serum were reinoculated into the rat. 
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Following 8 intramuscular and 4 intraperitoneal inoculations, the typical 
tumor developed within the customary period in all cases. 


Discussion 


The authors do not attempt to offer any explanation of the toxicity of 
chick-embryo extract noted in the present study. Earle (/) reported 
luxuriant growth with the Walker tumor when the tissue was explanted 
and embedded in a plasma clot. However, the potency of the embryo 
extract and its nontoxicity for other cells has been demonstrated by the 
fact that it is essential for the growth of chick-embryo cells and human 
tumor cells cultured in vitro in this laboratory. 

The medium developed is not synthetic. However, it does permit the 
culture of the Walker 256 tumor routinely in a manner amenable to quanti- 
tative techniques. Several unusual features of the physiology and nutri- 
tion of this tumor cell appear to be indicated by this medium and by the 
work leading to it. The contribution of the different components of serum 
and yeast extract are now under study in this laboratory. Unfortunately, 
the residual free amino acid content of the present medium prevents the 
determination of the essential amino acids, as in the work of Eagle (4, 7). 
The Walker 256 cells did not grow well in serum, amino acids, and vitamins 
alone; hence, nutritive requirements different from those of the HeLa 
carcinoma or the strain “‘L”’ fibroblasts may be envisioned. The present 
technique allows use of cells freshly removed from the animal, so that the 
response is more likely to be representative of the cells in vivo. Objection 
may be raised to the heterogeneous population presented by the cellular 
material. However, the HeLa carcinoma has not been demonstrated to 
be a single strain. The mouse “L”’ strain fibroblast derived from a single 
cell may contain several divergent strains at any given time (8). The 
relative morphologic homogeneity of the Walker 256 cells as they appear 
in figures 1 and 3 certainly compare well with the appearance of other 
types of cells. 


Summary 


Walker carcinosarcoma 256 cells were routinely established on the 
surface of T-15 flasks using fluid media. The cultures were established 
from cell suspensions prepared directly from the freshly excised tumor 
tissues. Rat serum diluted with Earle’s solution was appreciably superior 
to human, horse, bovine, porcine, rabbit, and chicken sera. Addition of 
19 amino acids and a vitamin mixture improved the response to rat serum. 
Addition of yeast extract enabled cells to increase as much as several 
fold in 3 days. Chick embryo extract was toxic under all conditions tested. 
A medium consisting of 5 percent horse serum or rat serum, 0.05 percent 
yeast extract, amino acids and vitamins, and Earle’s solution was satis- 
factory for continued subculture of the Walker 256 cells. 
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Ficure 1.—Walker 256 cells after growing in 5 percent rat serum, amino acid mixture, 
and 0.05 percent yeast extract. X 120 


Figure 2.—Walker 256 tumor cells after growing 72 hours in 40 percent rat serum and 
amino acid mixture. X 120 


Figure 3.—Walker 256 tumor cells in the sixth transfer generation just previous to 
subculturing. Medium was 5 percent horse serum, amino acid mixture, and 0.05 


percent yeast extract. The cells have been allowed to form a continuous epithelial 
sheet. X 120 
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Some Physiologic Relationships be- 
tween the Obese (obob) Genotype of 
the Mouse and the Harding-Passey 
Melanoma’? 


Georce L. Wotrr,*:* National Cancer Institute,5 
Bethesda, Md. 





The field of interaction between host and tumor physiology is one of 
the promising areas of investigation in neoplastic disease, since informa- 
tion may be obtained which differentiates those metabolic processes of a 
specific neoplasm primarily under the control of the host’s physiology 
from those largely independent of the host environment. The search for 
chemotherapeutic treatment of any given neoplasm might be greatly 
facilitated if it were known whether specific metabolic processes of the 
neoplasm are primarily under the control of the host’s physiology or are 
more or less autonomous. 

Since, in the physiology of the cell and the organism, the direct actions 
of many genes and/or gene products probably occur at very fundamental 
levels in the hierarchy of increasingly complex metabolic processes and 
since these direct genic actions have many ramifying effects (‘spurious 
pleiotropism’’) throughout the whole metabolic network of the organism 
(1), it appears probable that at least some genes of the host could have 
pronounced indirect effects on the metabolism of a specific implanted 
tumor. The series of histocompatibility genes (2) represents one such 
type of effect. 

If one of a gene’s pleiotropic effects is a hormonal imbalance in the 
organism, the gene should have a demonstrable effect on the metabolism 
of an implanted tumor if that metabolism is partially regulated by the 
hormonal balance of the host. 

Following reports that anaerobic glycolysis of the Cloudman S91 (3) 
and Harding-Passey (4) mouse melanomas is partly regulated by the 
host’s endocrine system (5,6) and reports indicating hormonal imbalance 
in the genetically obese (0b0b) mouse (7,8), it appeared that a host-tumor 
system was available in which the effect of the host’s endocrine imbalance 
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on the implanted tumor could be studied and from which information 
might be obtained on both the host-tumor relationship and the specific 
nature of the physiologic expression of the obob genotype. 

Although the term ‘ob gene effect” is often used, it should be clearly 
understood that, until the Obob genotype is biochemically or metabolically 
distinguishable from 00606, all effects must be attributed to the obob 
genotype rather than to the ob gene per se. This is necessarily true since 
a double dose of the gene may have quite different phenotypic effects, 
both qualitatively and quantitatively, than the same gene in the hetero- 
zygous condition, e.g., the gene luxate (/r) in the mouse (9). 


Materials and Methods 
Mice 


The mice of the genetically heterogeneous, noninbred V-ob strain (10), 
used in all the experiments reported here, were maintained in the genetics 
laboratories at the National Cancer Institute. This strain was originally 
obtained from the Jackson Memorial Laboratory in April 1953. The 
animals were weaned at 25 to 28 days of age. Their diet consisted of 
Derwood pellets (11) and water ad libitum, with two feedings of kale each 
week. Until the time of tumor inoculation the animals were kept at a 
temperature of 25 + 1°C. 


Melanomas 


The Harding-Passey (H-P) melanoma was carried in the BALB/cAnN 
strain. About 1 to 2 mm.* of melanoma tissue were implanted intra- 
muscularly into the right thigh by trocar when the mice were about 35 
days old. The tumors were harvested after 6 to 6% weeks. 

Eight categories of mice were used as hosts: nonobese males and fe- 
males (Ob- 7c, Ob- 2°), gonadectomized nonobese males and females 
(Ob- 6 3,0b- 8 8 ), obese males and females (0b0b oc’, obob 29), and gona- 
dectomized obese males and females (obob 6 3, ob0b 88). Gonadectomies 
were performed when the mice were about 30 days old. 

During the period after tumor inoculation the animals were maintained 
in another animal room on Purina Laboratory Chow and water ad libitum 
with 2 weekly feedings each of kale, bread, and milk. The environmental 
temperature during this period varied from about 20 to 28° C. although a 
temperature of about 25° C. was usually maintained. All tumors used in 
this study were grown and harvested between November and June. 


Media 


The basic medium in which all determinations of the rates of anaerobic 
glycolysis (Q&,) were carried out consisted of Krebs-Ringer’s solution 
(NaCl, 0.141 M; KCl, 0.005 MM; CaCl, 0.003 M; KH,PO,, 0.0014 M; 
MgS0O,-7H,0, 0.0014 M) to which were added 0.625 percent dextrose and 
KHCO, to 0.04 M. 
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The zine insulin employed (Lilly Lot No. 535664, 26 units per mg.) was 
obtained through the courtesy of Dr. O. Behrens of Eli Lilly and Company 
and was solubilized as described by Woods et al. (5). The dose used in all 
the experiments was 78y of zinc insulin per vessel (5.7 ml. of medium). 
Distilled water was used as the control solution. 

For the testosterone solution 9.6 mg. crystalline testosterone (Schering) 
were dissolved in 2 ml. of 100 percent ethanol. Just before use 10 ml. of 
distilled water were added. To redissolve the crystals, the solution con- 
taining the precipitated testosterone was warmed. No preparation was 
warmed more than once. Two ml. of 100 percent ethanol in 10 ml. of 
distilled water served as the control solution. 


Treatment of Tissues 


As much melanoma tissue as possible was removed from tbe encapsulated 
tumor and immediately placed in a clean petri dish that was continually 
kept on ice. The tissue was then minced with a sharp razor blade. The 
minced tissue was divided into 4 more or less equal portions, and from 
each section 200 mg. were rapidly weighed out on a torsion balance and 
quickly placed in one of 4 respirometer vessels containing 5.0 ml. Krebs- 
Ringer’s solution at 0° C. The clumped tissue was then separated as 
much as possible. All operations were carried out over ice under clean 
but not absolutely aseptic conditions. 


The respirometer vessels were kept in an ice bath until placed on the 
manometers. In each set of vessels one received 0.2 ml. distilled water 
plus 0.5 ml. testosterone control solution (—ins.—test.); to a second were 
added 0.2 ml. insulin solution plus 0.5 ml. testosterone control solution 
(+ins.—test.); a third received 0.2 ml. distilled water plus 0.5 ml. testos- 
terone solution (—ins.+test.); to the last vessel were added 0.2 ml. insulin 
solution plus 0.5 ml. testosterone solution (+ins.+test.). 

Immediately after addition of the hormone or control solutions, the 
respirometer vessels were placed on the manometers and immersed in the 
30+0.25° C. water bath of the Warburg apparatus. A mixture of 95 
percent N, and 5 percent CO,, which, together with about 1 percent H, 
had been passed over hot copper to remove traces of O,, provided an 
anaerobic atmosphere in the vessels. The shaking rate was about 117 
oscillations per minute. 

Total acid production was measured by the pressure of CO, released 
from the KHCO, in the medium. Measurements were made at intervals 
over a 6-hour period. These are expressed in microliters of CO, per 
milligram of dry weight per hour (Q33,); the melanoma values are based 
on 20 percent of the wet weight. 

The phrase “initial period” in the text and tables refers to the mean 
values during the 30 minutes following the first 10 minutes of measure- 
ments. ‘Plateau period” refers to the last 3 hours and 50 minutes of each 
experiment. During approximately the first 1% to 2 hours a marked drop 
in the rate of anaerobic glycolysis occurred in practically all tumors and 
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vessels. This was followed by a longer period of slight, if any, changes in 
the glycolytic quotient. Determinations of the pH of the medium in all 
vessels were made at the end of each experiment as an independent check 
on the manometric determinations. In any one experimeat the melanomas 
and kidney tissues (12) from no more than two mice were measured. 


Estimation of Melanoma Weights 


Total tumor weights were estimated visually by comparing the mass 
of each of the 4 separate 200 mg. portions with the mass of the remaining 
tumor tissue. The difference in tumor size between Ob- and obob mice 
was also very noticeable in vivo. 


Melanoma Growth 


Establishment and growth of the inoculum was considered to have 
taken place if the amount of melanoma tissue had increased noticeably 
during the 6-week period. The rate of growth was not uniform, tumor 
weights at 6 weeks varying from about 4% gm. to a maximum of 6 gm. 
or more. 


Results and Discussion 
Establishment and Growth of Harding-Passey Melanomas 


The difference between the percentages of H-P melanomas growing in 
Ob- and obob mice (52% vs. 77%) after inoculation is illustrated in table 1. 
The sum of the individual x? values for the 4 sex categories was 19.73, 
which, with 4 degrees of freedom, was significant at the .001 level. 


TABLE 1.—Growth of H-P melanomas in normal and gonadectomized Ob- and obob mice 





| Number of | 






































| Number of | Tumors _ | Average esti- 
| mice inocu- growing 6 | — — | mated tumor 
Genotype Sex lated with weeks after | “ein | weight at 6 
| H-P mela- | inoculation | J ore esti- | weeks 
| noma (percent) | snnieeds | (gm.) 
| &e 66 65 | 6 | 23 
| 686 51 51 | 9 1.8 
Ob- | @¢ | 454 A | 7 | 19 
| 8 8 39 46 | 9 2.1 
| Total | 210 | 62 | 41 | 20 
ae | 30 83 | 11 3.9 
5 ‘ 
$6 | 6 so | 9 | 23 
obob | 92 | 31 7 | 23 | 31 
|} #8 | 2 | 6% | 9 | 30 
| ) 42 | 31 


Total | 98 | 77 
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The higher percentage of established melanomas and their faster growth 
rate (table 1) in obob mice at 2 to 3 months of age may be contrasted with 
the longer survival time, due to the slower growth rate of the tumor, of 
5- to 7-month-old obob mice bearing the Ehrlich ascites carcinoma (13). 
This indicates that different neoplasms may behave differently in the 
presence of the same gene, which, however, seems to have some meta- 
bolic effects on both. Although difference in age and possible differences 
in the residual genotypes of the animals might account for differences in 
growth of the two tumors in 0bob mice, it seems more probable that the 
metabolism of the two neoplasms differs and is affected at different loci 
by the obob genotype. 

Although a histocompatibility gene closely linked to the ob allele 
might be a factor in the establishment of a higher percentage of mela- 
nomas after inoculation in the obob animals, the obob genotype itself may 
have an indirect influence since it also has a favorable effect on the 
growth of the tumor; the mean estimated weight of Ob- tumors at 6 
weeks was 2 gm., while obob tumors had an average estimated weight of 
about 3 gm. (table 1). 

The suggestion that appropriate breeding experiments might reveal a 
histocompatibility locus closely linked to the 0b locus is based on the 
following: A total of 25 Obob males sired most of the animals used in 
these experiments. In the combined litters of 17 (68%), 159 of 223 
mice (70%) showed melanoma growth 6 weeks after inoculation; in the 
combined litters of the remaining 8 sires (32%), 16 of 67 mice (24%) 
showed melanoma growth after the same length of time. A breakdown 
by genotype showed that about 63 percent of the Ob- and 86 percent of 
the obob mice from the 17 sires grew the tumor, whereas it grew in only 
19 percent of the Ob- and 40 percent of the obob mice from the 8 sires. 

It is entirely possible that an undetermined percentage of inoculums 
did not become established during the observation period because of 
factors other than genetic histocompatibility. Remnants of those inoc- 
ulums which did not show any signs of growth were still present in most 
of the animals at the end of the 6-week period. 


Effects on Rate of Anaerobic Glycolysis of H-P Melanomas 


This series of experiments was designed to detect major and over- 
riding effects of the obob genotype on the rates of anaerobic glycolysis 
of the implanted H-P melanomas. The experimental design was not 
suited to detect relatively weak metabolic effects of the obese genotype 
on the melanoma glycolysis that might also have occurred. Such “weak”’ 
effects may have been masked by cyclical fluctuations in the hormonal 
balance of the hosts, e.g., different stages of the estrous cycle, blood-sugar 
variations after feeding, different degrees of excitement due to fighting or 
being handled at the time of sacrifice of each animal. The statistical 
analysis of these data also was intended solely to detect quantitatively 
large effects of the obob genotype. 
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The mean Q¥d, values shown in table 2 refer to the average of the 
mean QS, values, over the specified time period, of all the melanomas 
in the particular sex-genotype group. There was no obvious relationship 
between estimated tumor size and rate of glycolysis. The variability 
of the Q&d, values of the melanoma minces in the Krebs-Ringer’s 
bicarbonate medium was of the order of + 10 percent and had some 
tendency to vary with the mean. 

Since these tumors were not grown in inbred mice, some of their vari- 
ability may reflect the heterogeneous residual genotype of the hosts. 
Another possible source of variability may have been the varying per- 
centage of melanoblasts in each tumor (14). 

For time curves of the Q&S, values (+ insulin + testosterone) of S91 and H-P 
melanomas grown in inbred mice, the paper of Woods et al. (6) should 
be consulted. 

The H-P Q&3, data in each sex-genotype group were treated by the 
usual analysis of variance method (table 3) (15), while the data on each 
treatment group (—ins.—test., etc.) were analyzed by a modified analysis 
of variance (table 4) (1/6). The confidence limits given for differences 
in the latter are based on all possible comparisons within a group of means 
and they thus tend to be very conservative statistical tests. If these 
limits include 0, the difference is not considered to be statistically signi- 
ficant; if they do not include 0, the difference is taken to be significant. 
The over-all variances for each category are presented in table 4. 

Since the interpretation of the present experimental results is based 
on the insulin: anti-insulin system which partly regulates the rates of in 
vitro anaerobic glycolysis in the 591 and H-P melanomas, the following 
essential features of this system, as outlined by Woods et al. (6), should 
be kept in mind: (1) Jn vivo exposure of the melanoma to high tempera- 
ture (35° C.) and/or the in vitro addition of various sex steroids, espe- 
cially testosterone, decreases markedly the in vitro rate of anaerobic gly- 
colysis of melanoma minces, and (2) this inhibition is at least partially 
reversible by the in vitro addition of insulin. These phenomena are inter- 
preted as being due to (a) inhibition of glycolysis by a nonsteroidal pitui- 
tary factor released by stress, (6) inhibition of glycolysis by sex steroids, 
at least in vitro, probably synergistically with the pituitary factor, and 
(c) stimulation of glycolysis and/or partial release of the inhibition by (a) 
and (6) due to insulin, at least in vitro. 

Although the H-P melanoma does not respond as markedly as the S91 
melanoma to in vitro addition of steroids or insulin, this is probably due 
to greater sensitivity of the H-P melanoma to the inhibitory factors of 
the insulin: anti-insulin system rather than to an absence of sensitivity 
to this regulatory mechanism. This is also indicated by the much lower 
Qés, (of the order of 0.7 to 2.5) of the H-P melanoma as compared with 
the S91 Q&s, (of the order of 8 to 20). A relatively greater sensitivity 
of the tumor to the steroid and pituitary components in vivo would tend 
to depress tumor glycolysis to such an extent that the in vitro addition 
of insulin would have little, if any, stimulatory effect on glycolysis. 
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TABLE 3.—Analysis of variance of hormonal factors modifying the QNd, of 
H-P melanomas 






















































































| Meas- Sum of M | 
Category Source of variation urement D.F. | = Bi oo | 
period - Qcbd,;s sq 
Melanomas | Initial 12 | 3.0306 | . 2526 3.07) <. 01 
| Plateau | 12 1. 8984 | . 1582 3. 37] <. 01 
Testosterone effect Initial 1 8125 | . 8125 | 11.97] <. 01 
Plateau 1 1. 6242 |1. 6242 | 41. 43) <. 01 
Within testosterone | Initial | 12 . 8150 | . 0679 | 
effect Plateau | 12 . 4708 | . 0392 
Insulin effect Initial 1 0208 | .0208; .15) >.05 
Ob- Ia? Plateau | 1 0220 | .0220| .27| >.05 
Within insulin effect Initial 12 1. 6645 | . 1387 
Plateau | 12 9613 | . OSO1 
Insulin X testos- | Initial 1 1089 | . 1089 2.70) >. 05 
terone interaction | Plateau 1 1290 | . 1290 5. 92). 02-. 05 
effect 
Within insulin X | Initial 12 4840 | . 0403 
testosterone inter- | Plateau | 12 2611 | .0218 
action effect 
Melanomas Initial 10 9. 0630 | . 9063 7.10) <. 01 
Plateau | 10 6. 8388 | . 6839 7.71) <. 01 
Testosterone effect Initial 1 4830 | . 4830 3. 67) >. 05 
Plateau 1 1. 9236 |1. 9236 | 15. 45) <. 01 
Within testosterone | Initial 10 1. 3161 | . 1316 
effect Plateau | 10 1, 2450 | . 1245 
Insulin effect Initial 1 0260 | . 0260 - 16) >. 05 
0-3 3 Plateau 1 0145 | .0145 19} >. 05 
Within insulin effect Initial 10 1. 6325 1632 
Plateau | 10 7605 0760 
Insulin X testos- | Initial 1 5659 5659 6. 42). 02-. 05 
terone interaction | Plateau 1 7540 7540 | 11. 48) <. 01 
effect 
Within insulin X | Initial 10 . 8819 0882 
testosterone inter- | Plateau | 10 6570 0657 
action effect 
Melanomas Initial 8* |10. 6407 |1. 3301 | 10.02) <. 01 
Plateau 8 8. 8626 |1. 1078 | 14.89) <. 01 
Testosterone effect Initial 1 1. 8906 |1. 8906 | 11. 36) <. 01 
Plateau 1 1.7117 |1. 7117 | 19.67) <. 01 
Within testosterone | Initial 8 1. 3311 | . 1664 
Ob-2 9 effect Plateau 8 . 6956 | . 0870 
Insulin effect Initial 1 . 1921 | . 1921 1. 46) >. 05 
Plateau 1 . 1167 | . 1167 | 1.05 >. 05 
Within insulin effect | Initial 8 | 1.0521 | . 1315 | 
Plateau | 8 | . 8906 | . 1113 | 











| 


* For discrepancy between number of tumors used to obtain means in table 2 and number of melanomas used 
for analysis of variance, refer to footnotes of table 2. 


Journal of the National Cancer Institute 














OBESE GENOTYPE AND HARDING-PASSEY MELANOMA 


1239 


TaBLeE 3.—Analysis of variance of hormonal factors modifying the Qh, of 
H-P melanomas—Continued 








































































































| | | 
Meas- | Sum of | M | | 
Category Source of variation urement | D.F. —" ss a | F | P 
period of Ror} ste 
Insulin X testos- | Initial 1 . 0084 | . 0084 . 08! >. 05 
terone interaction | Plateau 1 . 0210 | . 0210 . 85) >. 05 
effect 
Ob-2 2 | 
Within insulin X | Initial 8 | .8008 | . 1001 
testosterone inter- | Plateau 8 | .1988 | .0248 | 
action effect | 
Melanomas Initial 8 | 3.7962 |.4745| 4.54) <.01 
Plateau 8 2. 4149 | . 3019 4,21) <. 01 
Testosterone effect Initial | 1 1, 4803 |1. 4803 | 7. 59). 02-. 05 
Plateau 1 2. 2700 |2. 2700 | 17. 64) <. Gi 
| Within testosterone | Initial | 8 | 1.5609 | . 1951 | 
effect Plateau 8 1. 0297 | . 1287 
} | i 
Ob- 8 8| Insulin effect Initial | 1 | .4356 | . 4356 | 13.70] <.01 
Plateau 1 . 1878 | . 1878 7. 66). 02-. 05 
Within insulin effect | Initial 8 . 2544 | . 0318 
| Plateau 8 . 1961 | . 0245 
Insulin X testos- | Initial 1 . 0336 | . 0336 39} >. 05 
terone interaction | Plateau 1 . 0144 | . 0144 23] >. 05 
effect 
| 
Within insulin X | Initial 8 . 6902 | . 0863 
testosterone inter- | Plateau 8 . 4965 | . 0621 
action effect 
Melanomas Initial 41 |28.1787 | . 6873 | 6.19 . 02-. 05 
Plateau | 41 |20. 3333 | . 4959 | 7. 13 |. 02-. 05 
Testosterone effect Initial 1 4. 2307 |4. 2307 |31.79 | <. 01 
Plateau 1 7. 4088 |7. 4088 |85. 26 | <. 01 
Within testosterone | Initial | 41 | 5. 4587 | . 1331 
| effect Plateau | 41 3. 5618 | . 0869 
Combined | Insulin effect Initial 1 . 4505 | . 4505 | 3.83 | >. 05 
Ob- classes Plateau 1 . 2530 | . 2530 | 3.58 | >. 05 
Within insulin effect Initial 41 4.8275 | .1177 
Plateau | 41 2. 8965 | . 0706 
Insulin X testos- | Initial 1 | . 1948 | . 1948 | 2.36 | >. 05 
terone interaction Plateau 1 | . 4301 | . 4301 | 8 38 | <.01 
effect 
| 
| Within insulin X | Initial | 41 | 3.3788 | . 0824 | 
| testosterone inter- | Plateau | 41 | 2.1017 | . 0513 | 
| action effect | | | 
| Melanomas | Initial 9* | 7.0234 | . 7804 {16.33 | <. 01 
| | Plateau 9 | 2.5910 | . 2879 10.51 | <. O01 
obob 3! Testosterone effect | Initial | 1 | . 9333 | . 9333 |30.19 | <.01 
| Plateau | 1 | 1. 8662 |1. 8662 /46.54 | <. 01 
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TABLE 3.—Analysis of variance of hormonal factors modifying the QR, of 
H-P melanomas—Continued 

































































Meas- | Sum of | M 
Category Source of variation urement | D.F. | Squares Bs ae F | 
period | \of QNb,’s ee | 
| | | 
| 
Within testosterone | Initial 9 | .2771 | .0308 | 
effect Plateau 9 3606 . 0401 | 
Insulin effect | Initial | 1 | . 1254 | . 1254 | 3.03 | >. 05 
Plateau | 1 | .0006 | .0006 | .03 | >. 05 
Within insulin effect | Initial | 9 | .3724 | .0414 | 
obob FP | Plateau | 9 | . 1846 | . 0205 
| Insulin X testos- | Initial | 1 0348 | .0348 | .49 | >. 05 
terone interaction | Plateau | 1 | .0002 | . 0002 | -01 | >. 05 
effect | } 
Within insulin X | Initial 9 6404 . 0712 | | 
testosterone inter- | Plateau | 9 1936 | . 0215 | 
action effect | 
Melanomas | Initial | 9 | 8. 6184 | . 9576 |10. 10 | <. 01 
Plateau | 9 | 2.0279 | . 2253 | 3.60 | <. 01 
Testosterone effect Initial | 1 | . 6682 | . 6682 |12. 51 | <.01 
| Plateau 1 1. 8020 |1. 8020 [51.63 | <. 01 
| Within testosterone | Initial | 9 | . 4804 | . 0534 | | 
effect | Plateau | 9 . 3145 | . 0349 | } 
Insulin effect Initial 1 | .0297 | .0297| .17| >.05 
hoh AA | Plateau 1 . 0051 | . 0051 . 05) >. 05 
ob0b 66 | | 
| Within insulin effect | Initial 9 1. 5352 | . 1706 | 
| Plateau | 9 | 1.0021 | . 1113 | | 
Insulin X testos- Initial | 1 | .0990 | .0990 1. 64) >. 05 
terone interaction | Plateau 1 | .0497 | . 0497 |} 1.20 >. 05 
effect | | 
| Within insulin  X | Initial 9 | .5428 | . 0603 | 
testosterone inter- | Plateau 9 | .3725 | .0414 | 
action effect 
Melanomas | Initial | 9 6. 9327 | .7703 | 5.32) <. 01 
Plateau | 9 2.9156 | . 3240 | 3.03. 02-. 05 
Testosterone effect | Initial 1 | .2088 | .2088 | 3.22) >.05 
| Plateau 1 | 1.1560 |1. 1560 | 23. 69) <. 01 
Within testosterone | Initial 9 . 5839 | . 0649 | 
obob 29 effect | Plateau 9 . 4394 | . 0488 | | 
Insulin effect | Initial | 1 | .0648 | .0648 | .24) >.05 
| Plateau | 1 | .0058 | .0058 | .03! >. 05 
Within insulin effect Initial | 9 | 2.3909 | . 2656 
| Plateau | 9 | 1.9424 | . 2158 | 
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TARLE 3.—Analysis of variance of hormonal factors modifying the QRS, of 
H-P melanomas—Continued 
| Meas- ’| | Sum of hana t 
Category Source of variation | urement | D.F. | mg hs re “ | F P 
| period jor Qco1’s — 
_ | 
| | 
lucelin x tectee | tame | t | 1221 | 1221 | 1. 17| >. 05 
terone interaction | Plateau | 1 | 2074 | .2074 | 3.70) >. 05 
effect | 
obob °° |—— ] | } 
| Within insulin xX | Initial 9 | . 9381 | . 1042 | 
| testosterone inter- | Plateau 9 | .5050 | . 0561 
action effect | | | 
| } 
Melanomas Initial | 9 9. 9490 |1. 1054 | 18.89) <. 01 
| Plateau | 9 | 5.4166 | .6018 | 9.92) <. 01 
| Testosterone effect —_| Initial | 1 | 1.8879 |1. 8879 | 19. 42| <. 01 
Plateau | 1 | 2. 8037 2. 8037 | 24. 36) <. 01 
| Within testosterone | Initial | 9 | .8753 | . 0972 | | 
effect Plateau | 9 | 1. 0361 1151 | 
Insulin effect Initial | 1 | . 0046 | . 0046 | .11] >. 05 
obob 8 8 Plateau | 1 | . 0319 . 0319 | 1. 00) >. 05 
| Within insulin effect | Initial | 9 | . 3868 | . 0430 | 
Plateau | 9 | . 2860 | . 0318 | 
Insulin X testos- | Initial | 1 | .0648 | .0648| 1.53| >. 05 
terone interaction | Plateau | 1 | .0308 | .0308 | .88 >. 05 
effect | 
Within insulin X | Initial 9 | .3818 | . 0424 | | 
testosterone inter- | Plateau 9 . 3146 | . 0350 | 
action effect 
Melanomas | Initial | 39 (87. 5275 | . 9622 | 11.32) <. 01 
| Plateau | 39 (17.3108 | . 4439 7. 13} .02-. 05 
Testosterone effect | Initial | 1 | 3.2661 3.2661 | 48.10, <. 01 
| Plateau 1 | 7.4477 |7. 4477 |124. 54) <. 01 
Within testosterone | Initial 39 | 2.6489 | . 0679 
effect | Plateau | 39 | 2.3307 | . 0598 | 
| Insulin effect | Initial | 1 | .1271 | .1271 | 1.04) >. 05 
Combined | Plateau | 1 | . 00001) 00001; 0+ | S.05 
obob classes —— : : | aH 
\ nee Within insulin effect | Initial | 39 | 4.7827 | . 1226 | | 
| | Plateau | 39 | 3. 4586 | . 0887 | | 
| Insulin X testos- | Initial 1 . 3054 | .3054 | 4. 73) .02-. 05 
terone interaction | Plateau 1 | .1769 | .1769 | 4. 61) .02-. 05 


effect | 





Within insulin xX | Initial 39 | 2.5184 | . 0646 | 
testosterone inter- | Plateau | 39 . 4970 | . 0384 
action effect 


— 
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TABLE 4.—Modified analysis of variance of sex, gonadectomy, and genotype of host as 
factors modifying the anaerobic glycolysis of the H-P melanoma 


















































Num- | Number of | ae 
Category | ber of | sex-genotype | D.F. a | —— o 
| tumors groups | q >| 
—ins.— test. | | | 
Initial | §82 8 74 | 26.1980 | .3540 . 60 
Plateau | 82 8 74 | 17.8501 | .2412 | . 49 
+ins.—test. | 
Initial | 82 8 | 74 22.7039 | . 3068 | - 55 
Plateau 82 8 74 16.5908 | .2242 | .47 
—ins. + test. | 
Initial 82 | 8 | 74 14.1829 | .1917 . 44 
Plateau 82 | 8 | 74 | 41880 | .0566 | .24 
+ins.+test. | 
Initial } 82 | 8 | 74 | 17.9143 | .2421 . 49 
Plateau 82 8 74 | 9.1579 | - 1238 | - 35 
| | | 
Category | Greatest differences between means oo scaditamertae 
—ins. —test. obob 29- obob oa Initial 1.43 + 1.04 
Plateau 1.50 + .85 
+ins.—test. Ob- 88-obob oe | Initial |.56 + .97 
obob 29- ob0b A a Plateau |: 34 + .81 
—ins.+test. | obob 29- obob da a Initial 53 + .77 
| Plateau .44 + .42* 
| obob 99-all other groups combined Initial .34 + .58 
Plateau .36 + .31* 
| obob 22— obob 2° Initial .388 + .77 
Plateau .386 + .42 
+ins.+ test. | obob 29- obob Aa Initial |.61 + .85 
| Plateau .58 + .62 
| 
| obob 99- obob 29 | Initial 1.30 + .85 
Plateau .37 + .62 
obob 9 °- all other groups combined Initial .30 + . 66 
| Plateau -35 + .46 





* Significant at over-all 95 percent confidence limits. 


That the H-P melanoma is highly sensitive to inhibition by sex steroids, 
at least in vitro, is indicated by the marked decrease in Q&S, in the pres- 
ence of added testosterone (P< .01). Since gonadectomy tends to accen- 
tuate glycolytic inhibition by exogenous testosterone (exception: 0bob oc", 
table 5), gonadal steroids may be involved in the insulin: anti-insulin 
system in vivo. 

As may be seen in tables 2 and 3, no over-all insulin effects were ob- 
served in any melanoma class, except possibly in Ob-88 in the absence 
of testosterone. This result is consistent with the previous postulate that 
H-P melanoma has a relatively low sensitivity to insulin (6) or a rela- 
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TaBLE 5.—Percentage decrease in mean od, of H-P melanomas from initial period to 
plateau period 











Decrease in mean | Decrease in mean | Decrease in mean 
: Qh, in absence of Qe, in presence of Qc, attributable to 
Genotype Sex testosterone testosterone progressive inhibi- 
tion by testosterone 
(percent) (percent) (percent) 
oso t 34 47 13 
65 35 52 17 
Ob- 
2? 36 47 11 
88 33 49 16 
eet 34 53 19 
66 35 52 17 
obob 
29 27 40 13 
88 35 52 17 

















tively low threshold of saturation by endogenous insulin. It should be 
noted, however, that in several individual melanomas stimulation of ana- 
erobic glycolysis did definitely occur in the presence of exogenous insulin, 
the most extreme case being an obob 6 melanoma in which 150 percent 
stimulation was observed during the plateau period. 

Inhibitory effects of insulin on H-P melanoma glycolysis, as previously 
reported by Woods et al. (6) were observed in several tumors. The most 
extreme case was an obob 6 melanoma in which 76 percent inhibition 
was noted during the plateau period. No satisfactory explanation of 
these inhibitory effects of insulin can be advanced as yet. 

That insulin does play a role in the anaerobic glycolysis of the H-P 
melanoma is best illustrated by its effect in the presence of exogenous 
testosterone. The mean plateau-period Q&s, values for all +ins.+test. 
categories, except obob oc’, were higher than for the corresponding 
—ins.+test. categories. Statistically, the probability that the insulin- 
dependent partial reversal of glycolytic inhibition by testosterone in the 
combined Qb- classes was due to chance was less than .01, while in the 
combined obob data the ‘insulin X testosterone interaction effect’’ had 
a probability of .02 to .05. Among the individual classes, the ‘‘insulin 
testosterone interaction effect’? appeared to be most marked in the 
Ob- 8&6 (P<.01) and the 0b-7# (P=.02 -— .05). Whether this may be 
related to differential hormone balances in nonobese males and females, 
as well as in obese males and females, is not known. It is also not clear 
at present why H-P melanomas grown in obob oo do not show the 
insulin-dependent partial reversibility of glycolytic inhibition by testos- 
terone (table 3). 

The inhibitory effects of testosterone on mouse-melanoma glycolysis 
were first reported by Burk ef al. (17) and were more fully described by 
Woods e¢ al. (6). The results obtained inth e present experiments sug- 
gest that testosterone may inhibit melanoma glycolysis synergistically 
with the as yet undefined nonsteroidal pituitary factor of the type men- 
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tioned by Krahl (18), as already suggested previously (6). In addition 
to the more or less immediate inhibitory effects of testosterone, as shown 
by the lower mean Q%}, values during the initial measuring period 
(tables 2 and 3), testosterone inhibition of glycolysis appeared to in- 
crease with time (table 5), especially in the gonadectomized classes. 
This progressive inhibition of glycolysis by testosterone was independent 
of the usual decrease in Q&d, found in hormone-dependent S91 and H-P 
melanomas between the initial and plateau measuring periods (6). It 
is possible that this phenomenon represents merely progressive inten- 
sification of the in vivo anti-insulin system by exogenous testosterone. 

Further evidence for the control of anaerobic glycolysis of the H-P 
melanoma by the insulin:anti-insulin system has been obtained by 
studying the effect of the obob genotype on the melanoma Q%,. In 
addition this series of experiments served as a study of some of the me- 
tabolic effects of the ob0b genotype. 

In order to focus attention on the most important differences between 
the mean plateau-period Qed, values of the different genetic and sex 
classes, the following extract from table 2 is presented: 


—ins. —test. —ins. +test. 
Ob- ores 1.12 . 67 
66 1. 34 . 66 
99 1.10 . 65 
8 8 1. 16 . 70 
obob oes . 99 . 58 
66 1. 22 . 72 
? 7 1. 49 1.01 
8 8 1. 24 . 65 


A glance will suffice for the reader to note that the mean Q?d, values 
of the obob 29 are the highest and those of the 0b0b 7c the lowest of 
any of the eight categories. It can also be seen that gonadectomy tends 
to wipe out this sex difference as well as to bring the obob values in line 
with the 0b-Q&, values. Statistically, none of the differences between 
the classes in the —ins.—test. category were significant at the over-all 
95 percent confidence limits. However, in the presence of testosterone the 
differences between obob 292 and obob #co@ and between obob 99 and 
all other sex-genotype groups combined had 95 percent confidence limits 
of 44 + .42 and .36 + .31, respectively. The 95 percent confidence 
limits of the difference between obob 292 and obob 88 increased from 
.38 + .77 during the initial measuring period to .36 + .42 in the plateau 
period, indicating that the difference between the groups was increasing 
with time and, with more data, might be found to be significant (table 5). 

The data in table 5 show still another difference between obob fo 
and obob 99 and the elimination of that difference by gonadectomy. 
In the absence of testosterone, 0b0b 929 melanomas showed a smaller 
percentage decrease in QS, with time than any other 0b- or obob class. 
In the presence of testosterone, obob 99 melanomas showed less pro- 
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gressive inhibition by testosterone than any other obob group, including 
obob 88, while the obob &o@ melanomas showed more progressive 
inhibition by testosterone than any other Ob- or obob category. Previous 
data (6) have shown that the progressive decay in QR), due to inhibi- 
tion by testosterone is greatest in those cases where the anti-insulin 
factors are most active. 

The work of Runner (8) has shown that, although obese (obob) females 
normally possess castrate-type uteri and do not ovulate, the injection of 
either estrogens or pituitary gonadotrophins induces ovulation and 
development of the uterus. This effect of pituitary gonadotrophins ° 
has also been observed by the writer. This indicates that the obob 99 
produce an insufficient amount of one or more of the pituitary gonado- 
trophins. 

Considering the deficient production of pituitary gonadotrophins in 
the obob 9° together with the distinctly higher mean Q@d, values of 
H-P melanomas grown in 0b0b 99 as compared with all other classes, 
including ovariectomized obese females, one may conclude tentatively 
that (a) the ovaries of the obese females are producing estrogen in amounts 
subminimal for uterine stimulation but sufficient to hold the output of 
pituitary gonadotrophins to a low level, and that (6) the deficient output 
of one or more of the gonadotrophins by the pituitary is somehow related 
to deficient output of the nonsteroidal pituitary factor which normally 
partially depresses anaerobic glycolysis in the H-P melanoma. 

When one considers the observations of Mayer et al. (7) that administra- 
tion of thyroxine, prolactin, growth hormone, and ACTH and pancre- 
atectomy had greater effects on obob than on Ob- mice along with Runner’s 
results (8) and those of the present experiments, it is not illogical to point 
to the metabolism of the pituitary gland as a possibly rewarding subject 
for investigation in the search for the site of action of the ob gene. 

At present it is not clear how the effect of the obob genotype on the 
establishment and growth of the H-P melanoma fits into this picture. 
In this connection the work of Hunter (19) is of interest in that it indicates 
at least parallel effects of exposure to high environmental temperature 
on the growth of tumors having differential sensitivities to the in- 
sulin: anti-insulin system and on the Qdd, of these tumors. 


Summary 


A study of the in vitro rates of anaerobic glycolysis (Q&%,) of minces 
of Harding-Passey melanomas grown in obese (0b0b) and nonobese (0b-) 
normal and gonadectomized male and female mice of the genetically 
heterogeneous V-ob strain was made. The object was to determine the 
relationship, if any, of metabolic effects of the obob genotype and the 
insulin :anti-insulin system regulating, at least in part, the Q&d, of this 
melanoma. 

Further evidence that the Harding-Passey melanoma is under the 


6 The author is indebted to Dr. J. B. Jewell, of Ayerst Laboratories, Division of American Home Products 
Corporation, New York, N. Y., for a supply of “Equinex.” 
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influence of the insulin:anti-insulin system has been found in the partial 
insulin-dependent reversal of the glycolytic inhibition of the tumor 
induced by testosterone in vitro and in the higher Qed, values of mela- 
nomas grown in obob females. In the light of the deficient pituitary- 
gonadotrophin output by obob females (8), the latter finding is interpreted 
as being due to decreased output of a nonsteroidal pituitary factor, un- 
defined as yet, of the type suggested by Krahl (78). 

The greater percentage of ‘takes’ of the Harding-Passey melanoma 
inoculums in 0b0b mice (77%) compared with Ob- mice (52%), as well as 
the greater mean estimated melanoma weight in 0bob mice (3 gm.) com- 
pared with Ob- mice (2 gm.) 6 weeks after inoculation, cannot be explained 
as yet on the basis of the available metabolic data. 
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Harding-Passey Melanoma, obob Geno- 
type, Age, and High Environmental 
Temperature as Modifiers of the Ana- 
erobic Glycolytic Capacity of Mouse 
Kidneys ' 


Georce L. Wotrr,”* National Cancer Institute.* 
Bethesda, Md. 


Biochemical differences between inbred strains of mice (/) and physi- 
ologic, morphologic, and developmental differences due to certain gene 
mutations in the mouse (2,3) have suggested that the physiology of the 
mouse is strongly influenced by the organism’s genome. 

The excessive deposition of fat in the obese (0b0b) mouse (4) is almost 
certainly not the direct biochemical expression of the obob genotype, but is 
more likely the end result of many physiologic processes which have been 
altered in different degrees by direct or indirect effects of the ob gene or gene 
product(s) [‘‘spurious pleiotropism”’ (5)]._ If this assumption is correct, it 
might be possible to detect some of the differences in physiology between 
an Ob- mouse and an ob0b mouse by an examination of in vitro tissue 
metabolism. However, in vitro measurements indicate only the potential 
metabolic capacity of a tissue and not necessarily the actual in vivo 
activity of the tissue. 

This report deals with the observed differences in the in vitro rates of 
anaerobic glycolysis of the kidneys of Ob- and obob mice at different ages 
(63 and 30 days old), in the presence and absence of the Harding-Passey 
melanoma (H-P kidneys and No H-P Growth® kidneys, respectively), or 
after 24 hours’ exposure to 35° C. (35° C. kidneys). The main results of 
the study of Ob- and obob kidneys at different ages have already been 
briefly reported (6). The effects of the host genotype on the in vitro rate of 
anaerobic glycolysis of implanted H-P melanomas have been presented 
in the preceding paper (7). 


Materials and Methods 


The V-ob strain mice used in this series of experiments were all obtained 
from the same colony and maintained under the same conditions as those 
used in the melanoma studies (7). 


! Received for publication November 16, 1955. 

? Public Health Service Postdoctoral Research Fellow of the National Cancer Institute. 

3 The author expresses his appreciation to Dr. W. E. Heston, Dr. M. W. Woods, and Dr. D. Burk for many 
helpful discussions during this study and to Mr. M. Schneiderman for help in the statistical analysis. 

‘ National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 

5 Mice in which the melanoma inoculum failed to grow. 
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The method and conditions of preparation of the kidney tissues were 
similar to those employed for the H-P melanoma. The Krebs-Ringer’s 
(K-R), hormone, and control solutions were identical in composition and 
proportions with those used in the melanoma work (7). 

The kidney capsule was removed before mincing the tissue. Seventy 
milligrams of kidney tissue were placed in each of 2 respirometer vessels 
containing 5.0 ml. K-R solution (plus 0.625% dextrose, 0.04 4 KHCO,). 

To the first vessel containing the kidney tissue from H-P, No H-P 
Growth, or 35° C. animals was added 0.7 ml. distilled water (—ins.), to the 
second one 0.2 ml. (=78y) zine insulin (Lilly Lot No. 535664, 26 units per 
mg.) and 0.5 ml. distilled water (+ins.). 

The rates of anaerobic acid production (QS) of kidneys of 30- and 
63-day-old mice were measured in 5.0 ml. K-R solution plus 0.2 ml. 
zine insulin and with either 0.5 ml. testosterone control solution (2 ml. 
100% ethanol : 10 ml. distilled water) (+-ins.—test.) or 0.5 ml. testosterone 
solution (9.6 mg. testosterone:2 ml. 100% ethanol:10 ml. distilled water) 
(+ins.+test.) in the sidearm of the vessel. The sidearm contents were 
tipped in after the first 2 hours of the 6-hour shaking and measuring 
period. 

No more than six pairs of kidneys from any of the non-melanoma- 
bearing groups or two pairs of H-P kidneys were measured in any one 
day. The experiments with the 30- and 63-day-old mouse kidneys were 
carried out between September and December and with 35° C. kidneys, 
during September and October; all others were performed between 
November and June. 

Measurements were made under the same conditions (30° C., shaking 
rate: 117 oscillations per minute) and during the same time intervals 
as in the melanoma experiments. The Q%&s, values are based on 24 percent 
of the wet weight. Measurements of pH were made at the end of most 
kidney experiments. 


Results and Discussion 


The primary purpose of this study was to detect metabolic differences 
between kidneys of the obese and nonobese mouse genotypes in order to 
obtain clues which might lead to the eventual identification of the specific 
physiologic action of the ob0b genotype. However, this investigation 
also provided additional evidence that the anaerobic glycolytic capacity 
of nonmalignant mouse tissues is partially controlled by an insulin : anti- 
insulin system similar to the one operating in transplantable mouse 
melanomas (7,8). 

As already reported by Woods et al. (8), mouse kidney Qd, was in- 
hibited in vitro by the addition of testosterone. Inhibition was also 
observed in the present series of experiments, as indicated in table 1. 
Testosterone had a definite depressing effect on kidney QGd, in both 
30- and 63-day-old obob and Ob- male and female mice, although it was 
least pronounced in the 63-day-old obob animals. 

“Age” also had a depressing effect, although not as great as testosterone, 
on kidney glycolysis in all sex-genotype groups. The age factor also 
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TaBLE 1.—Mean in vitro rates (+ S.E.)of anaerobic glycolysis (Qn of kidneys of 30- 
and 63-day-old Ob- and obob mice in the presence of added insulin and/or testosterone 
























































Geno- Mean | Measure- 
type Sex | age ment +ins.—test.| +ins.+test.| tt D.F. P 
(days) | period* 
30 | Initial 5. 16 + . 29] 5.49 + . 27 
Plateau | 471+ .28/3.08+.22| 4 66 9 <0 
esto 
63 | Initial 3. 02 + . 22/3. 59 + . 36 
~. Plateau 2.92 +.11/)1.87 4.11] 3.75 9 <. 01 
30 | Initial 5.08 +.13/5.40+.18 
Plateau |478+.16/3.09+.12) 4 33 9 <. 01 
ee 
63 | Initial 3. 86 + . 23) 3.96 + . 29 
Plateau | 3. 87 +.20/2.49+.14| 403 9 <. 01 
39 | Initial 6. 33 + . 33 | 6.32 + . 40 
Plateau |5.50+.35/3.98 +.24| 4 61 9 <i 
estoy 
63 | Initial 4.22 + .29/4.31+4 .27 
, Plateau |4.20+.16)2.88 +.14] 3.22 9 | .01-. 02 
obob 
39 | Initial 6. 02 + .20/6.28 +. 21 
Plateau | 5.67+.23/4.02+.18] 3. 56 9 <. 01 
2°? 
63 | Initial 4.354 .27/4 264.31 
Plateau (4.31 + .14/3.22+.14) 2.37 10 | .02-.05 
| | 





* Initial period = first 20 to 40 minutes of readings. Plateau period = last 4 hours of readings after tipping of 
alcohol (—test.) or of testosterone in alcohol (+test.). 
t Student’s ¢ test for paired comparisons of —test. and +test. vessels during plateau period. 


brought out a possible sex difference between Ob- jo and 99, namely, 
that 63-day-old Ob- oo had a lower in vitro kidney QR, than the corre- 
sponding 0b- 292 (P=.02-.05). Whether this is a real difference or a sam- 
pling error cannot be said at present. 

The QS, of kidneys from 30-day-old 0bob mice was definitely higher 
than that from corresponding 0b- mice, especially in the presence of 
added testosterone. With age this difference decreased, although it did 
not disappear entirely. It should be noted that minces of 63-day-old 
obob 99 kidneys showed a higher Q&%, in the presence of exogenous testoster- 
one than those of 63-day-old obob #7 kidneys (P<.01); this was not 
true at 30 days of age (table 1). 

The differential effect of the presence of H-P melanoma on the kidney 

8), of Ob- and obob mice is rather striking (table 2) when compared with 
the Qs, values of the corresponding No H-P Growth kidney groups (21 
Ob-, 9 obob) (table 3). Although the individual differences between the 
various sex-genotype groups of H-P kidneys were not significant by the 
Scheffé modification of the analysis of variance (9), the data on H-P and 
No H-P Growth kidneys +ins. when classified only by genotype 
did show statistically significant differences. The 99 percent confidence 
limits of the difference between the mean H-P kidney Qd3, of Ob- and 
0bob mice (3.76 and 3.20, respectively) were .56 + .55, while the 99 per- 
cent confidence limits of the difference between the mean obob H-P kidney 
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Q&d, and the mean obob No H-P Growth kidney QS}, were 1.10 + .93. 
The 95 percent confidence limits of the 0b- H-P kidney Q3},—0b- No H-P 
Growth Q&d, difference were only .34 + .57. 

Since it appeared that the glycolysis of obob kidneys was depressed 
by the presence of the melanoma, it was decided to test whether this 
inhibitory effect might have been due to a stressing action of the tumor on 
the host. It had been shown by Woods et al. (8) that exposing melanoma- 
bearing mice to a temperature of 35° C. for several hours had an inhibitory 
effect on the anaerobic glycolysis of the tumor. They postulated that 
this was due, in part, to an increase in steroidal and nonsteroidal (pituitary) 
anti-insulin factors. Therefore the kidney Qs, of 60-day-old Ob- and 
obob male and female mice which had been exposed to 35° C. for 24 hours 
were determined. The data are presented in table 4. 


TABLE 2.—Mean in vitro rates (+8S.E.) of anaerobic glycolysis of kidneys of H-P 
melanoma-bearing V-ob mice (approximately 80 days old) 






































Measure- 
Genotype | Number Sex ment — Insulin + Insulin a 
period * : . 
13 23 Initial 3.61 + .16 3.49 + .17 — 
' ” Plateau 3.79 + .18 3.87 +.16'4+29+2.4 
11 88 Initial 3.35 + .20 3.46 + .15 — 
US Plateau 3.65 + .19 3.85 + .20'+ 6143.5 
Ob- a ee oi — <oenememennneeenns 
10 — Initial 3.51 +.17 3.80 +. 21 — 
-% Plateau 3.77 + .20 409+ .20+9.5:4+3.7 
9 8 8 Initial 3.15 + . 26 /3.18 + .19 —— 
. Plateau 3.07 + .23 3.11 + .25'+1242.5 
10 < Initial 3.28 + .34 3.11 4.14 —~ 
7 Plateau 3.15 + .32:3.15 +.29 +16:+2.9 
10 a « | Initial 3.12 + . 33 |3.18 + . 33 a 
9° | Plateau 3.01 + .36/3.10+ .36'/4+-4743.4 
obob =) | —— ——— - 
10 00 Initial 3.47 + .21/3.35 + . 44 - 
Plateau (3.48 + . 253.21 + .25|/— 7.9+3.3 
10 8 8 Initial 3.25 + . 37 |3.24 + .31 = 
| Plateau 3. 28 + .30 |3.33 + .27/+2.34+2.6 





*Initial period = first 30 minutes, beginning 10 minutes after start of readings. Plateau period = last 3 hours 
50 minutes of readings. 


TABLE 3.—Comparison of mean plateau period Qs, values (+S.E.) of Ob- and obob 
(sex classes combined) kidney minces from No H-P Growth, H-P and 35° C. mice 


| 














No H-P Growth* | H-P ] 35° C. 
ob- | obob || Ob | obob | Ob |  obob 
_Insulin | .*93 | 439 3.56 | 3.23 292 | 3.69 
- +.17 | 4.17 +.10 | +.15 || +.12 | +.14 
, 4. 10 4. 30 3. 76 3. 20 3.00 | 3.86 
+s | } +. | 4.14 || 4.11 | +.13 


+.13 | +.13 
| | 





* Mice in which the melanoma inoculum failed to grow. 
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TaBLE 4.—Mean plateau-period QS), values (+ S.E.) of kidney minces of 60-day-old 
Ob- and obob mice exposed to 35° C. for 24 hours 























Percentage 
Genotype Sex Number — Insulin + Insulin insulin 
effect 
| 
Ob- | ores 10 276 + .12)/278 + .16) +064 32 
oF 10 |3.09 4 121 3.22 + .13 +6.0 4+ 3.3 
obob 28| SS 9 322-2 3.74 + .15| 47.7 + 3.5 
| 99 10 | 886 + 24/403 4 20) +56 4 39 
| 





These data indicate that no mean effect of insulin was present in the 
Ob- J & 35° C. kidney Q&%S,, while there were mean positive insulin effects, 
although rather small, in the other three categories. Results of several 
individual experiments, however, showed much greater positive effects due 
to exogenous insulin. One of these is presented graphically in text- 
figure 1. 

A possible explanation of these results might be that there is a decreased 
output of the nonsteroidal pituitary anti-insulin factor in obob mice as 
compared to 0b- animals, both in the presence of the H-P melanoma (7) 
and during high-temperature-induced stress. Unpublished data of M. W. 
Woods and the writer indicate that estrogen exerts a smaller in vitro 
inhibitory effect on melanoma QS}, than testosterone. If this were 
true in vivo, the higher QR}, values of the female 35° C. kidneys as 
compared with the corresponding male values might be due to the 
higher estrogen : androgen ratio in females. Based on this working 
hypothesis, no insulin effect would be expected in stressed 06-7 kidneys 
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TEXT-FIGURE 1.—In vitro rates of anaerobic glycolysis of kidney minces from 61- 
day-old littermate V-ob mice (2 Ob- & o", 2 obob oo") exposed to 35° C. for 24 hours. 
Solid lines: no insulin added to vessel. Broken lines: insulin added to vessel. 
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since the stress-induced increase in anti-insulin pituitary-factor output 
(8) would, synergistically with testosterone, prevent any insulin-induced 
reversal of Q&d, inhibition. In Ob- 29 a positive insulin effect might be 
expected since estrogen appears to be a weaker glycolytic inhibitor than 
testosterone. The positive insulin effect in 0b0b oo would be attribut- 
able to a relatively lower output of pituitary anti-insulin factor than in 
Ob- 7H. The high mean obob 99 35° C. kidney Q&S, values parallel the 
results obtained by measuring the QS}, of H-P melanomas grown in obob 
9 9 (7) and lend support to the working hypothesis that there is a deficient 
output of pituitary anti-insulin factor concomitant with a deficient output 
of pituitary gonadotrophins in obob 99. 

Although at first glance it might seem that high temperature and the 
presence of the H-P melanoma affected the anaerobic glycolytic capacity 
of the kidneys differently, this is not necessarily the case. Woods et al. 
(8) have reported that exposure of melanoma-bearing strain DBA mice 
(presumably 0606) to 35° C. for prolonged periods, e.g., 16 days, did not 
lower their rate of kidney glycolysis. This might be due to a type of 
physiologic adaptation to stress. On this assumption, the higher mean 
Qo, of the Ob- H-P kidneys, as compared with the O0b- 35° C. kidneys, 
might be a consequence of the gradual partial adaptation of the insulin: 
anti-insulin system to the gradually increasing stress from the growing 
melanoma, as opposed to the lack of adaptation during the short period 
of high-temperature stress. The fact that obob H-P kidney glycolysis 
was lower than that of 0b- H-P kidneys or that of obob 35° C. kidneys 
may indicate that a prolonged period of stress more or less normalizes 
the postulated deficiency of anti-insulin factors in the ob0b mice or may 
even increase the level above that in Ob- mice, whereas a short period of 
stress does not have such an effect. The presence of a slight, positive 
over-all insulin effect in 0bo0b 35° C. kidneys and the complete absence of 
any over-all in vitro insulin effect in 0b0b H-P kidneys would conform with 
both the foregoing and the following hypotheses. 

The same facts could also lead to the postulate that a prolonged period 
of stress increases the sensitivity of obob kidneys to the anti-insulin factors, 
possibly even above that of Ob- kidneys, while a short period of stress 
does not. This hypothesis would be more consistent with the data on 
Ob- and obob H-P melanoma glycolysis (7), since the Q%, of melanomas 
grown in obob females was higher than that of melanomas grown in any 
other Ob- or obob group, whereas under the first hypothesis it should be 
equal to or lower than the QS}, of 0b- melanomas. 

However, since anaerobic glycolysis of the S91 melanoma is depressed 
by exposure to 35° C. for 16 days, while kidney glycolysis of the host 
mouse is not affected (8), it is clear that the two tissues respond differen- 
tially to changes in the insulin: anti-insulin system. It is therefore not 
possible with the data available at present to state which of the foregoing 
hypotheses or others which have not been discussed in this paper are most 
nearly correct in explaining any of the effects of the obob genotype on 
mouse-tissue metabolism. 
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Summary 


Some effects of the obese (ob0b) mouse genotype and of an insulin: 
anti-insulin system, similar to the one regulating melanoma metabolism, 
(7,8) on the potential anaerobic glycolytic capacity of mouse kidney 
minces in vitro were observed. 

Although the Q&s, of obob kidney minces was higher than that of Ob- kid- 
ney minces at both 63 and 30 days of age, the difference became iess 
pronounced with age. In general the Q&%, of female kidneys had a tend- 
ency to be somewhat higher than that of the corresponding male kidney 
minces. Inhibition of kidney glycolysis occurred if testosterone was 
added to the vessels. 

Growth of the Harding-Passey melanoma for a period of 6 weeks in 
obob mice depressed kidney Q$%,, whereas in Ob- mice no effect on kidney 
glycolysis was detected. 

Measurement of kidney QS}, of obob and Ob- mice exposed to 35° C. 
for 24 hours, in the presence and absence of exogenous insulin, indicated 
that in obob mice the anti-insulin factors were relatively weaker than 
in Ob- mice. Females of either genotype, as opposed to the corresponding 
males, also seemed to have smaller amounts of anti-insulin factors. In 
individual experiments marked Q}, stimulation by exogenous insulin 
was observed. 

The data presented in this and the preceding paper (7) indicate that 
the obob genotype has a pleiotropic effect on an insulin: anti-insulin 
system which partially regulates the anaerobic glycolytic capacity of 
the Harding-Passey mouse melanoma and mouse kidney. 
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Lack of Immunizing Capacity of Ho- 
mologous Cells within Diffusion Cham- 
bers’ 


RicuMonp T. PREHN and Joan M. Matnn, National 
Cancer Institute? Bethesda, Md. 


The diffusion-chamber technique can be described as a form of in vivo 
tissue culture in which cells may be grown within a membranous, porous 
chamber, deriving sustenance from the body fluids but separated from 
direct contact with the cells and tissues of the host animal (1-3). 

Previous published work on the homograft-resistance mechanism sug- 
gested that homologous? cells placed in vivo in intraperitoneal diffusion 
chambers could survive and grow but would neither respond to nor elicit 
an immunity in the host animals (1). The conclusion that intra-diffusion- 
chamber homologous cells were incapable of immunizing the host mice 
was based upon the failure of intra-diffusion chamber DBA sarcoma 49 
cells to produce a detectable immunity in strain BALB/c hosts. Although 
this was strong evidence, the question could not be considered closed 
because of the unavoidable lack of a rigorous control over one factor. 
Thus, it was technically impossible to demonstrate (due to their wide- 
spread growth) the assumed immunizing capacity of intraperitoneally 
transplanted sarcoma cells growing outside of rather than within the 
diffusion chambers. 

The present paper presents data from an experiment designed to attack 
the problem of the immunizing capacity of intra-diffusion-chamber homol- 
ogous cells in a more quantitative and critical manner. 


Methods and Results 


It has been demonstrated that strain BALB/c mice can be immunized 
against DBA sarcoma 49 cells by prior contact with strain DBA/2 blood 
cells (4). The experiment now to be presented compared this immunizing 
power when the blood cells either were or were not within diffusion 
chambers. 

The diffusion chambers were constructed and implanted in the manner 
previously described using Schleicher and Schuell membrane filters 
(coarse porosity) (1), except for a slight modification which allowed the 

! Received for publication August 26, 1955. 


? National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
3 An homologous relationship is one between cells from animals of the same species but of different genotypes. 
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intra-chamber use of a suspension rather than a solid clump of cells.‘ 
This modification, which is illustrated in text-figure 1, consisted of placing 
one of the supporting lucite washers between the membrane filters. The 
lucite washer created a depression which contained the cell suspension 
and kept the gluing surfaces (for gluing the halves of the chamber together) 
dry. 


LUCITE WASHER 


ASSEMBLED CHAMBER 
(SECTIONED) 








DROP OF 
BLOOD SUSPENSION 





MEMBRANE 


Text-figure 1—The method of assembling a diffusion chamber. 


Strain DBA/2* whole blood was obtained from 6- to 10-month-old 
female donors by decapitation while the mice were under Nembutal 
anesthesia. The blood was defibrinated by gentle agitation with glass 
beads. The defibrinated whole blood which was used in the diffusion 
chamber was diluted with physiologic saline (NaCl), so that a dose of 
0.02 cc. contained 0.005 cc. of undiluted whole blood. 

The experimental mice were 3- to 6-month-old females of strain BALB/c. 
They were divided into three comparable groups. Each mouse of group 
I received within a diffusion chamber 0.02 cc. of the saline-diluted whole 
blood. Group II was identical except that the chambers were not sealed 
(i.e., the covers were not in place). Group III mice received empty 
chambers and were exposed neither directly nor indirectly to strain 
DBA/2 blood cells. 


‘ The modification was shown not to interfere with intra-chamber tumor growth. 
5 4) of the animals employed were obtained from Dr. George E. Jay, Jr., of the National Cancer Institute. 
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Five weeks after the implantation of the diffusion chambers, the ani- 
mals of all three groups were inoculated subcutaneously, using a 15-gauge 
trocar, with a fragment of DBA sarcoma 49. The tumors resulting from 
these challenge inoculations were measured three times weekly and the 
mean diameter of each was recorded. 

The results, as recorded 2 weeks after the subcutaneous tumor inocula- 
tions, are presented in table 1. It is evident that an intact diffusion 
chamber prevented the production of immunity by strain DBA/2 blood. 


TABLE 1.—Growth of challenge implants of DBA sarcoma 49 cells in strain BALB/c 
mice previously exposed directly or across a membrane barrier to strain DBA/2 red 








cells* 
. Number Percent Average 
Group — with with tumor size 
tumor tumor (mm.) 
I: Chambers containing red cells.... 21 19 90 6. 65 
II: Unsealed chambers containing 
OE EK von sc ocuusecwentestececes 22 2 9 5 

III: Empty chambers.............. 24 21 87 6. 8 

















*Only nodules over 3 mm. in size were considered to be tumors and included in the table. Data as of 2 weeks 
following tumor implantation. 


However, at this point one might legitimately ask whether the result 
obtained was a direct consequence of the membrane barrier or was a 
secondary effect due to the possible rapid destruction of the intra-chamber 
cells. A second experiment was therefore performed in order to gauge 
the persistency of the antigenic potential of the intra-chamber blood. 

The second experiment, at its inception, was identical in all respects 
to the first except that there were only two groups: The mice of the first 
group received blood in closed diffusion chambers (as in the first experi- 
ment); the second group received empty diffusion chambers and was not 
exposed to strain DBA/2 blood either directly or indirectly. 

Eight mice of group I were set aside for morphologic examination of 
the contents of their diffusion chambers. Two of these mice were sacri- 
ficed each succeeding week and a drop of fresh, unstained fluid from each 
animal’s diffusion chamber was examined microscopically. Cell counts 
were not performed. 

The diffusion chambers of the remaining mice of group I and of all the 
mice of group II were excised under Nembutal anesthesia 14 days after 
they had been implanted. The diffusion chambers removed from the 
group I mice (containing the strain DBA/2 blood) were punctured and then 
reimplanted in the peritoneal cavities of the group II mice; the group II 
chambers were placed in the group I animals. Thus, after 14 days the 
group II mice were exposed for the first time to strain DBA/2 blood cells 
or their remnants. The remaining antigenicity of this intra-chamber 
blood was tested by challenging the mice of both groups with an implant 
of DBA sarcoma 49 (just as in the first experiment). The challenging in- 
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oculation of sarcoma was made 12 days after the puncture and exchange 
of the diffusion chambers. 

The qualitative microscopic examination, at weekly intervals, of the 
contents of the diffusion chambers from mice of group I revealed pro- 
gressive disintegration and aggregation. At the end of the first week the 
chambers were filled with fluid; red cells were very numerous; there were 
a few small aggregations. At the end of the second week there were dis- 
tinctly fewer red cells and also numerous clumps and aggregations of what 
were probably red-cell remnants. This process progressed until at the 
end of 4 weeks only very few intact red cells were seen. The clumps and 
aggregations of cellular debris were very prominent. In two of the eight 
chambers examined, gross bacterial infection was evident. However, 
this did not seem to influence in any way the behavior or morphologic sur- 
vival of the red cells. 

The results of the biologic test for remaining antigenicity were only 
suggestive. The growth of the challenge implants of sarcoma 49 is recorded 
in table 2. The data suggest that some immunizing power (although 
much diminished) remained after the strain DBA/2 blood had been in 
the diffusion chambers for 2 weeks. A strict quantitative comparison with 
the data of the first experiment should not be attempted since the two 
experiments were not done simultaneously and since the latent period 
before challenge was different. The results of the biologic test correlated 
very well with the microscopic observations. Inasmuch as the dose of 
blood used was not far from the minimum required for immunization by 
the intraperitoneal route (6), it is somewhat surprising that even meager 
evidence of antigenicity could be detected at the 2-week interval. The 
data suggest, as did the previous work with tumor cells (/), that the 
intra-chamber environment was compatible with a cellular life expectancy 
not greatly different from that found in an extra-chamber environment. 
TABLE 2.—Growth of challenge implants of DBA sarcoma 49 cells in strain BALB/c 


mice exposed to strain DBA/2 blood which had been within diffusion chambers in vivo 
for 2 weeks* 

















oe Number | Percent Average 
Groups of eniee with | with tumor 
| tumor | tumor | size (mm.) 
I: Animals having empty chambers 
from mice of group II............ 16 14 | 87.6 6. 25 
II: Animals having punctured cham- | 
bers from mice of group I (contain- | 
ing red cells and remnants)....... 16 8 50 7.4 





* Data as of 3 weeks following tumor implantation. 
Discussion and Conclusions 


Since blood cells ordinarily do not proliferate when transplanted, 
whether within a diffusion chamber or not, the doses of antigenic cells 
used in these experiments were practically identical and remained identical, 
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a condition difficult to obtain if tumor is used as the antigen. Also, the 
antigenic cells could be placed intraperitoneally in both experimental and 
control mice, a condition technically unobtainable in previous work using 
tumor cells. 

These experiments seem to establish the ability of a diffusion chamber 
to prevent the immunization by strain DBA/2 blood of strain BALB/c 
mice to DBA sarcoma 49 cells. The results, especially when considered in 
conjunction with the previous work with tumor as the antigenic material, 
suggest that more direct contact of the antigenic cells with the cells or 
tissues of the host is probably essential to the production of immunity in 
homologous animals. In this connection the works of Merwin and Hill (5) 
and of Barrett and Hansen (4) are pertinent. The former authors found 
that nonvascularized grafts did not immunize, while the latter authors 


discovered that excessive fragmentation destroyed the antigenicity of 
red cells. 


Summary 


The purpose of the experiment was to test the effect of a porous mem- 
brane barrier (i.e., diffusion chamber), interposed between homologous 
cells and the host, upon the immunizing power of the homologous cells. 

Strain DBA/2 defibrinated whole blood was placed within sealed or 
unsealed diffusion chambers in the peritoneal cavities of strain BALB/c 
host mice. Subsequently the strain BALB/c host mice were tested for 
immunity to the growth of inoculated DBA sarcoma 49. 

The observation that blood contained within sealed diffusion chambers 
did not have an immunizing effect on the host mice, despite morphologic 
and biologic evidence of surviving antigenic potential, suggests that some 
more direct form of contact of the antigenic cells with the cells or tissues 
of the host is essential to the production of homograft immunity. 
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Mammary Cancer in C3H Mice of Dif- 
ferent Sublines and Their Hybrids’? 


Joun J. Birrner,’ Division of Cancer Biology, 
Department of Physiology, University of Minnesota 
Medical School, Minneapolis, Minn. 


Intrinsic and extrinsic factors have been shown to interact in the genesis 
of mammary cancer in mice (1-38). Although some of these may be held 
constant by using homozygous stocks (39), sublines have been reported 
following the establishment of new colonies; and when mice of these 
different groups are used as experimental animals, similar results are not 
to be expected (18). It is possible that in the development of mammary 
cancer, as has been reported for other types of cancer (40-43), mice of 
some lines of the same stock may differ from each other as much as if 
they did not possess the same coat color and as if they were representa- 
tives of separate stocks. 

From the standpoint of the material to be presented in this report, it 
is not necessary either to ascertain or to understand the reason(s) for the 
isolation of sublines within inbred stocks, provided they are recognized. 
Instead, the data should demonstrate that animals of any inbred line are 
satisfactory for basic research, that mice of one line may transmit certain 
characteristics not possessed by animals of another line of the same stock, 
thus becoming more valuable for some investigations. 

By mating females of agent-free strains, having a low incidence of 
mammary cancer, with males of either cancerous or fostered sublines of 
the C3H stock, data were obtained for the incidence of mammary tumors 
in these females and their F, progeny. Included are observations concern- 
ing male transmission of the mammary tumor agent (MTA), the sensi- 
tivity of the females to infection by this route, etc. (3, 4, 19, 20, 25, 29, 
30, 37). Extracts of several mammary tumors were injected into young 
agent-free animals to ascertain whether manimary tumors would develop 
in these test mice, thus showing that the tumors possessed the MTA. 


! Received for publication June 30, 1955. 
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Materials and Methods 


The C3H strain of mice was started by Strong (44, 45) in 1920 following 
a cross between an albino female obtained from Bagg and a male of the 
dilute brown stock. Black agouti progeny were selected and inbred. 

Animals which gave rise to the Andervont subline (C3H/An) of the 
C3H strain were separated from Strong’s colony in 1931, although he did 
not assume responsibility of the line until 1933 (11, 46-50). Two agent- 
free fostered lines had been separated from the cancerous group (7, 46). 
Two litters of mice of the cancerous line were sent to us by Andervont in 
1948, and the mice which we used were descended from these, having 
been born between 1949 and 1952. They will be referred to as C3H/ 
AnBi mice (51). A few males were members of a litter which had been 
fostered by a female of the Bagg albino stock, and if the suggested method 
of designating fostered mice were followed, they would be known as 
C3H/AnBi,BALB/c/SnBi animals (51). 

Our C3H, or Z, subline was established with mice obtained from Strong 
in 1931 (16-28, 38, 52, 53), and during the period from 1949 to 1952 
animals of the 69th to 78th inbred generations were observed. One 
litter of the cancerous Z (C3H) line was nursed by a female of the B (C57 
BL) stock in 1938, and this agent-free Zb line had been continued for 27 
generations by 1949. 

Another litter of Z (C3H) mice was nursed by a female of the cancerous 
A stock and will be called, in accordance with earlier usage (18, 20), Za 
mice, those of the fostered generation being Za;, of the next generation, 
Zaz, etc. In cases where it may be necessary to distinguish between Z 
mice of the Z (C3H) stock and the Za animals, Zz has been used for the 
former group (18). 

Bagg started his “white family” from “an original pair of albino mice 
purchased from a dealer in the spring of 1913.” The families were con- 
tinued by brother X sister matings for several generations, after which 
the lines were outcrossed with animals of other groups; and so from the 
standpoint of inbreeding, they were probably no more inbred when this 
1920 report (54) was prepared than were the original mice, and other 
researchers did not consider them to be such (44, 58). 

In 1923, MacDowell (51, 56) started to inbreed the albino mice obtained 
from Bagg, and within less than 10 years representatives of the 26th 
inbred generation had been given to Snell, from whom animals of the 46th 
generation were procured in 1942. In these experiments, members of the 
55th to 66th generations were mated with males of other stocks. 

Starting in 1937, the symbol “C” was used to designate this inbred 
albino strain by Snell and Aebersold (57), Snell and Ames (58), Andervont 
(6, 46, 48), and others (20, 25), and the letter ‘“‘C” will be used in this 
report, instead of BALB/c (61). 

Descendants of two litters of JK mice (45, 59) obtained from Strong in 
1946, also were used in crosses with males of the C3H stock. 

Several mammary tumors were tested by biological assay for the MTA 
by grinding the tumors with sand and extracting with either distilled 
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water or saline to give a 10 percent suspension. The extracts were centri- 
fuged (clinical centrifuge) for 5 to 15 minutes, and in some instances the 
supernatant was recentrifuged. The final supernatant fluid was diluted 
so that each mouse received, intraperitoneally, the amount of material 
specified in the table. The test animals were ZBC hybrids (19) from 23 
to 30 days of age at the time of injection. In several experiments, litter- 
mate controls were used so that the activity of extracts of different tumors 
might be compared. 

A few mice with spontaneous mammary tumors had been used in a 
chemotherapy screening project (60). Slides of these tumors have not 
been examined, as there was no suggestion that the addition of these 
cancers would alter the proportion of the different histologic types which 
were seen in the various groups of mice. In general, we have followed the 
classification of tumors of the mammary gland area suggested by Dunn 
(7-11, 61). In cases where squamous metaplasia was found and when it 
occupied over 25 percent of the area, the tumor was called an adenoacan- 
thoma; otherwise, adenocarcinoma with squamous metaplasia. Also, 
sarcomas of the area have been included, again in accord with the report 
of Dunn (61), but the number of these sarcomas has been indicated for 
each group of mice when they occurred. 


Mammary Cancer in Inbred Stocks 


Data on the incidences of mammary cancer in females of the C3H strain 
are reported in table 1, together with the average ages of the mice at the 


time they developed their tumors and at the death of the noncancerous 
animals. 


TaBLE 1.—Mammary cancer in females of sublines of the cancerous C3H stock, C3H/ 
AnBi, Z(C3H), and Z mice fostered by females of the cancerous A stock, or Za 

















Observed as breeders Observed as nonbreeders 
a Average age Ba Average age 
Stock , With (days) ae With | (days) 
ber of | Cancer lw ber of | C@ncer lw 
mice oe Cancer-| (ny | mice —— [Canoe a 
tees | cerous * | cerous 
| 
, ee 599 96. 8 272 272 54 87.0 386 514 
C3H/AnBi....| 136 91.2 228 227 112 93. 3 347 444 
- ee 80 92. 5 321 392 78 71.8 397 540 


























The descendants of the Z(C3H) mice which were nursed by a female of 
the cancerous A stock include animals of four generations (Za,—Za,), and 
their tumors appeared later with each succeeding generation. The 
breeders of the first and second and of the third and fourth generations were 
about equally divided as to numbers, and they showed average cancer 
ages of 306 and 335 days, respectively. The average age for the entire 
group was nearly 2 months more than was found in females of the control, 
unfostered Z(C3H) stock (table 1). 
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The litter of fostered C3H/AnBi mice, nursed by a female of the C 
albino stock, consisted of five females and four males. One female died 
at an early age, 3 developed mammary cancer at an average age of 362 
days, and the fifth died without cancer at 668 days of age. This non- 
cancerous female had 3 progeny and 9 descendants, 2 of which (17 percent) 
had mammary cancer at an average age of 514 days. It is probable that 
mice of this litter possessed the MTA. 

One litter with 5 JK females was nursed by a female of the cancerous 
Z(C3H) stock, and 2 mammary tumors were found among the 19 mice of 
the fostered and succeeding generations, an incidence of 11 percent. The 
tumors occurred at an average age of 282 days, while the noncancerous 
mice survived an average of 526 days. 

Between 1949 and 1952, 147 C females were maintained to produce 
mice of the inbred stock and were observed for more than 300 days. All 
this group remained without mammary cancer and died at an average 
age of 494 days. Of the total, 36 C females were observed for more than 
600 days, or for an average of 677 days. 

The incidences of tumors found in agent-free females of the Z(C3H), 
or Zb, and the A, or Ax, stocks have not changed since the last report 
20), when not more than 0.4 percent showed the disease. In the recip- 
rocal F, breeders mated with agent-free Zb males to give ZBC test animals, 
the incidence also was low. 

Of 108 consecutive tumors saved from females of the Z(C3H) stock, 
105 were classified as typical mammary adenocarcinomas, 1 showed 
squamous metaplasia, and 2 were fibroadenomas. In addition, the 
diagnosis was determined for a series of 133 tumors from F, and ZBC 
mice which had been injected with various agent-containing tissue 
extracts. The three tumors which showed unusual histology all appeared 
in mice which were used in neutralization studies. 


Mammary Tumors in Females Mated with C3H Males, and Their Progeny 


In five different experiments, females of the C stock were mated with 
males of the cancerous Z(C3H) line. In these groups, each consisting 
of from 5 to 17 C females, 55 percent developed mammary tumors at an 
average age of 520 days (20, 25), and in the experiments, the incidences 
ranged between 50 percent and 64 percent. Twenty-five of the tumors 
from the C females were of the ‘usual’ type of adenocarcinomas of the 
mammary glands, four were diagnosed as adenocarcinomas with squamous 
metaplasia, another was called an adenoacanthoma, and one, too un- 
differentiated to classify, was, according to Dunn (61) a bizarre type of 
carcinoma. The average age of these females was 484 days, indicating 
that these unusual tumors need not appear in extremely old mice. 

Based upon the development of mammary cancer among the C92 X 
Zo F, hybrids, tabulated by litters and correlated according to the age 
of the females at the time their tumors appeared, it is believed that the 
time of “infection” of the C females with the MTA by males of the 
cancerous Z stock may be determined. Thus, the CZF, progeny have 
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been tabulated “before infection” and “after infection” of their C mothers 
where this occurred (19, 20, 25)—an interpretation similar to that 
advanced by Miihlbock (37). 

Data are presented in table 2 for selected individual matings of C 
females with Z males, and the appearance of cancer in their CZF, progeny. 
For example, the first C female gave rise to mammary cancer when she 
was 684 days of age, after having 10 litters, denoted by +684(10). Nine 
CZF, progeny from her first, second, and fifth litters died noncancerous, 
surviving to an average age of 699 days, but the 6 progeny from her 
9th and 10th litters all had mammary tumors at an average age of 303 
days. As shown in the table, some C females may become infected after 
they have had three litters; others, after they have had as many as eight 
litters sired by the males of the cancerous Z stock. 


TABLE 2.—Selected matings of C2? X Z(C3H)o, to compare the observations for mam- 
mary cancer in the CZF; progeny. Details in text 

















Before mothers were infected After mothers were infected 
. ‘ . Cancer- |Noncancer-] ;-; Noncan- 
C mothers Litters poe pono Litters | Cancerous Poston 
+684(10) 1, 2, 5 0 9(699) 9, 10 6(303) 0 
+520(8) 13 0 7(678) 3-6 9(309) 0 
+493(7) 2 1(625) 7(713) 4-6 *'7(221) 0 
+662(9) 1,2 0 5(725) 3, 4 5(204) 1(272) 
| 5, 6, 8 12(231) 0 
+535(7) 2,45 0 8(800) 6, 7 3(286) 0 
— 663(9) 1, 3, 4, 6, 7 3(572) | 17(705) 8 3(213) 1(721) 
—731(6) 1-3 0 5(676) 4,5 4(184) 0 
— 708(6) 3, 4,5 0 7(738) — —_— — 
—715(7) 1, 3, 6 0 12(504) — — = 


























One noncancerous C female died at 663 days without mammary cancer 
after bearing 9 litters. Twenty progeny from her first 7 litters were 
observed, of which 3 had mammary cancer at an average of 572 days. 
These three tumors appeared in mice born in the first three litters, and 
were diagnosed as a fibroadenoma, an adenoacanthoma, and an adeno- 
carcinoma, respectively. Nine hybrids born to the same C mother 
in her sixth and seventh litters lived to an average age of 693 days and 
died noncancerous. Three CZF, progeny of the eighth litter had cancer 
at an average age of 213 days, while the fourth member of the litter 
remained without mammary cancer. One-tumor from a member of the 
eighth litter was tested and found to possess the MTA (table 5). 

CZF, progeny were continued from 19 cancerous and 16 noncancerous 
C females. In some cases, progeny of only one litter were observed; in 
others, those from several were maintained, either as breeders or virgins, 
to determine whether they would develop mammary cancer. 

Before the cancerous C females became infected with the agent from the 
males of the cancerous Z subline, 6 percent of their CZF, hybrids de- 
veloped mammary tumors at an average age of more than 20 months 
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(table 3). These four tumors were recorded as follows: an adenocar- 
cinoma, an adenocarcinoma with squamous metaplasia, a fibroadenoma, 
and a bizarre type of carcinoma of the mammary gland with an alveolar 
arrangement of rather eosinophilic-staining tumor cells and considerable 
connective tissue. Four hybrids which were maintained as nonbreeders 
died without cancer at an average age of 715 days. 

After these same C females became infected with the agent from the 
male, 95 percent of their CZF, hybrids had mammary cancer at an average 
age of 249 days (table 3). Also, mammary tumors appeared in the 7 
females which were observed as nonbreeders at an average age of 330 days. 

From the development of mammary cancer in their progeny, eight C 
females became infected with the agent from the Z males, yet they died 
noncancerous (table 3). Before these C females became infected, one 
hybrid was observed with cancer, an adenocarcinoma with considerable 
squemous metaplasia. After these C mothers became infected, tumors 
appeared at an average age of 238 days in 97 percent of their CZF, offspring, 
and 2 others which were continued as virgins also had tumors at an 
average age of 514 days. 

Mammary tumors were found in 2 (4 percent) of the CZF, progeny 
of the other 8 noncancerous C females (table 3). The breeders survived 
to an average age of 646 days, and 14 virgin F, females lived to an average 
age of 756 days. One of the tumors was not sectioned but the other, an 
adenocarcinoma, showed squamous metaplasia. 

Seventy-two mammary tumors were examined which developed in 
CZF, females born to infected C mothers. All were diagnosed as adeno- 
carcinomas; only one had squamous metaplasia. 

Two Za males (Z males with the MTA from the cancerous A stock, 
and members of the third generation since fostering) were mated with 
nine C females. Two of the C females developed mammary cancer at 
an average age of 482 days, and the others lived to an average age of 
647 days. In addition to the cancerous females, five noncancerous C 
females became infected with the MTA from the Za males. Five percent 
of the CZaF, hybrids born to all C females before any became infected 
had mammary cancer (table 3), but after the 7 C females obtained the 
MTA, 87 percent of the F,; progeny gave rise to mammary cancer at an 
average age of 278 days. No difference was noted between the cancer 
ages of the mice born to cancerous and noncancerous C females. 

Fourteen C females, in two separate groups, were mated with agent- 
free Zb males (16, 18-20, 24), and they remained free of mammary cancer 
after living to an average age of 749 days and bearing an average of 7.6 
litters. Mammary tumors appeared in 5 percent of the CZbF; hybrids 
at an average age of 593 days (table 3). Four of the tumors were not 
saved for diagnosis, but two adenocarcinomas, two fibroadenocarcinomas, 
and three fibrosarcomas of the mammary gland area were observed. 

Two of the 10 CZbF; females which were mated with males of the can- 
cerous Z(C3H) line eventually had mammary tumors at an average age 
of 599 days (table 3). As shown by the development of mammary 
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cancer in their progeny, CZbF,-ZBC mice, five of the eight noncancerous 
CZbF;, mothers became infected with the agent from the Z males. The 
observations for the CZbF,-ZBC progeny are quite similar to the CZF, 
data, both before and after their mothers became infected, except that 
the mammary tumors developed at later average cancer ages in the ZBC 
than in F, offspring born to infected mothers. 


In two separate tests, males of the Andervont subline of the C3H 
stock were mated with females of the C strain. Two of the C3H/AnBi 
males were members of a litter which had been fostered by a female of 
the C stock. It was probable that either one or both of these males 
possessed the MTA, since three females of the fostered litter had mammary 
cancer; yet the fourth died noncancerous and her descendants showed 
a low incidence of the disease. 

Ten C females were mated with males of the cancerous line and 10 
with males of the fostered C3H/AnBi litter. In the former group, 1 C 
female had mammary cancer at 636 days of age, and her 2 tumors were 
diagnosed as adenocarcinomas with squamous metaplasia. Six of the 
noncancerous C females lived for more than 600 days (an average of 735 
days) and these females averaged 7.8 litters, while the 1 cancerous female 
had 8 litters. One C female which was housed with the fostered C3H/ 
AnBi males also had mammary cancer, an adenocarcinoma which appeared 
when the mouse was 562 days of age. Another, with primary lung cancer, 
had been incorrectly listed in a previous report (24) as having had mam- 
mary cancer. A hemangioma was found in 1 C female at 621 days, and 
another had an osteogenic sarcoma when 660 days of age. 

As is evident from the data presented in table 4, no difference was found 
in the incidence of mammary tumors occurring in the F; hybrids obtained 
by mating males of the C3H/AnBi line, whether they were representatives 
of the cancerous group or from a fostered litter. Likewise, mammary 
tumors were found as frequently among the F, progeny of the noncan- 
cerous C females as among the offspring of the two cancerous C females. 

In the combined groups, nearly 200 hybrids were continued as breeders. 
If the incidence of mammary cancer was determined by including all 
noncancerous hybrids which lived more than 400 days (an average age of 
687 days), the incidence was 42 percent; yet when only the noncancerous 
mice were counted (which lived more than 600 days in comparison with 
the average cancer age of 609 days), the incidence was increased to 51 
percent. Fifty-six hybrids were born to the C females in their first and 
second litters, and of these, 50 percent died with mammary cancer. Only 
6 of the total number of mammary tumors appeared in mice before 
they were 400 days of age, and 1 in a mouse under 200 days of age. 

Five adenocarcinomas from the C X C3H/AnBi F, hybrids had squa- 
mous metaplasia, two were adenoacanthomas, and another carcinoma 
could not be classified. One mouse at 715 days of age developed an adeno- 
carcinoma and an adenoacanthoma. The other tumors which were ex- 
amined had the typical acinar structure. 
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TABLE 4.—Mammary cancer in C females after mating with males of the cancerous 

C3H/An and fostered C3H/Ang lines, and in their progeny. The incidences in the 

progeny were determined by including noncancerous mice which survived longer than 
400 days as well as those surviving longer than 600 days 
































Incidence based upon non- | Incidence based upon 
cancerous mice living noncancerous mice 

over 400 days living over 600 days 

= Average 
Females X Males With se With | age 

Num-| °#2- - Num-| °#2- (days) 

” tie cer ~ S eee 

ber (per- | Cay. | Non- | Per (per- | Non- 
cent) mel hail can- cent) can- 

rerows! cerous cerous 
1 Cancerous C X C3H/An. | 12 33. 3 447 | 693 10 40. 0 772 
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Total C3H/An..| 108 42. 6 592 682 90 51.1 757 
1Cancerous CX C3H/Any.| 9 | 222] 429] 692 5 | 40.0| 946 
9 Noneancerous C X C3H/An;.| 79 44.3 | 643 | 694 69 50. 7 754 
Total C3H/An:.| 88 | 42.0 | 631 | 693 74 | 50.0] 769 
2Cancerous CX C3H/An..| 21 | 28.6| 441 | 692 | 15 | 40.0] 830 
18NoncancerousC X or | 175 | 44.0| 622] 686 | 149 | 51.7| 754 
Total ceeeedd 196 | 42.3 | 609 | 687 164 | 50.6 | 763 














Eleven JK females were mated with males of the Z(C3H) stock, 9 
of which survived for more than 300 days, or an average of 523 days. 
All remained free of mammary cancer but two of the JK females became 
infected with the agent from the Z males, and adenocarcinomas were 
found among their F; progeny. The 15 noncancerous JKZF, hybrids 
born to the 2 JK females before they were infected lived to an average age 
of 603 days, but 11, or 73 percent, of the hybrids had mammary cancer 
when they were born to these same JK females after they became infected, 
and they had an average age of 320 days. Three percent of the 116 
JKZF;, hybrids born to the other noninfected JK females had mammary 
tumors at an average age of 349 days, and the others died without tumors 
at an average age of 616 days. 

Eleven JK females also were housed with C3H/AnBi males and lived 
to an average age of 556 days without becoming cancerous. Among their 
106 JK X C3H/AnBi F; progeny, 9 percent had mammary tumors. The 
tumors were recorded at an average of 563 days; the noncancerous mice 
lived to an average of 722 days and had an average of 5.7 litters. One 
tumor was classified as a fibroma and the others as adenocarcinomas. 


Biological Assays for the MTA in Spontaneous Mammary Tumors 


Twenty mammary tumors were tested for the mammary tumor agent 
by injecting extracts of the tumors, of various concentrations, into young 
agent-free ZBC test animals and observing them for the development of 
mammary cancer. These data are presented in table 5, together with 
the donor, listed by stock or hybrid generation, and the ages when the 
tumors were recorded. 
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Tumors from three C females were tested, two from females which had 
been mated with Z males, and the third, included in this series because of 
the extremely late tumor age, had been housed with a male of the can- 
cerous A stock. Eight tumors were assayed from hybrids, all of which 
had as their paternal parents representatives of the C3H stock, and the 
only tumor where the MTA could not be demonstrated arose in a CZbF, 
hybrid, or when an agent-free Zb male was used. One hybrid had been 
continued as a nonbreeder (CZF, at 432 (Vg)]. 

Nine mammary tumors from C? « C3H/AnBic’ F; females and one 
from a JKQ & C3H/AnBic' F, hybrid were assayed, and in no case did 
the results clearly indicate that the MTA could be demonstrated by this 
biological test (table 5). 

Discussion 


When mice of two distinct sublines of the inbred C3H stock were main- 
tained under similar environmental conditions in the same laboratory, the 
primary difference observed in spontaneous mammary cancer was that 
females of the C3H/AnBi line, both breeders and nonbreeders, had their 
tumors at earlier average cancer ages than did those of the Z(C3H) 
subline (table 1). If, instead of including all noncancerous breeders that 
lived to the age when the youngest mouse developed cancer, only those 
are counted that lived at least to the average cancer ages, 99 percent of 
each subline would have died with spontaneous mammary cancer. After 
mice of the Z line had been fostered by females of the cancerous A stock, 
these Z mice with the mammary tumor agent (MTA) of the fostering 
stock, or Za mice observed for four generations, developed their mammary 
tumors later than did the mice of the unfostered Z(C3H) line. 

The data for mice of the C3H/AnBi line were similar to the incidences 
and average ages reported by Andervont (5, 11) and Heston (31-36) from 
another laboratory. 

Again it should be emphasized that these data apply only to mice of 
sublines which possess the MTA and are members of the cancerous groups. 
In agent-free females of fostered lines, mammary tumors will occur in 
only a small percentage kept as virgins; and among breeding females, 
Andervont (7) reported an incidence of 3 percent, Heston et al. (31, 35, 36) 
found tumors in 38 percent, while in our Zb breeders less than 1 percent 
(16-18, 20) became cancerous. 

Andervont (47) reported in 1941 that animals of his C3H colony were to 
be “*... regarded as a separate subline of C3H mice, and results obtained 
with it cannot be controlled by data procured from any other line of strain 
C3H mice, ...” since spontaneous mammary tumors which developed in 
C3H/An mice would not grow progressively when transplanted in animals 
of our Z(C3H) subline. It has also been established that spontaneous 
mammary tumors from mice of the Strong C3H stock, even multiple tumors 
from the same host, would grow in either all or none of our Z(C3H) animals 
(17). It would be interesting to know whether the tumors which de- 
velop in animals of the Andervont and Heston lines would grow when 
transplanted in mice of both sublines or only in the line of origin. 


Vol. 16, No. 5, April 1956 








1274 BITTNER 


From these data it may be that other differences, perhaps genetic in 
nature, have occurred which influence factors concerned with other aspects 
of the cancer problem, in addition to the transplantability of tumors in 
the C3H/AnBi and Z(C3H) lines. 

Previously, Andervont and Dunn (8, 4, 6-11) had determined that 
mammary tumors would occur in a considerable proportion of the hybrids 
derived by crossing C females with males of the C3H/An stock. In their 
studies, few of the C females became cancerous, and in one experiment (1/) 
no significant difference was noted between the incidences in the hybrid 
progeny descended from either agent-containing or agent-free males. 

After females of the C albino strain had been mated with males of the 
cancerous Z(C3H) and C3H/AnBi sublines, mammary tumors were found 
in 55 percent and 10 percent of the respective groups of C females, and 
the difference between the incidences was of statistical significance. 

The percentage of cancerous C females did not differ in five separate ex- 
periments where males of the Z(C3H) line were used, yet the C females 
remained noncancerous when they were mated with agent-free Zb or C 
males (19, 20, 24, 25). Also, when females of the C stock with amputated 
uterine horns (leaving the ovaries in situ and intact) were housed with Z 
males, 53 percent died with mammary cancer (25), and preliminary data 
have been obtained showing that when vasectomized Z males are used, some 
of the C females have had mammary cancer. After being housed with the 
vasectomized Z males for varying periods, the C females in this series were 
then mated with agent-free males. Some progeny sired by these agent- 
free males have had mammary tumors, and these are becoming concen- 
trated in certain litters, presumably because of the MTA transferred by 
the vasectomized Z males. Biological tests have been started to determine 
the possibility that the tumors possess the MTA. 

Before males of the cancerous Z(C3H) stock “‘infected” the C females 
with the MTA, not more than 6 percent of their CZF, progeny had mam- 
mary cancer at an average age of more than 600 days, yet as soon as the C 
females became infected from the males, they transferred the agent to their 
F, progeny, and approximately 95 percent developed mammary cancer at 
an earlier average age than was seen in females of the cancerous Z stock 
(tables 1 and 3). No significant variation was observed between the 
CZF, progeny born to infected C mothers, whether they developed mam- 
mary cancer or died noncancerous. Fewer C females mated with Za 
males had mammary cancer than when Zz males were employed, but many 
of the former group became infected with the agent and died noncancerous. 
The hybrids born to infected C mothers with Za paternal parents had their 
tumors later in life than did the CZF, mice, yet the incidence remained 
high (table 3). 

That our concept concerning male transmission of the MTA (19, 20, 24, 
25) is similar to that suggested by Miihlbock (37) may be shown by a quota- 
tion from his paper: “The results of the previous experiments have shown 
that a transmission of the agent at copulation is possible in the sense of the 
mother acquiring the agent and—without developing a mammary tumor 
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herself—transmitting it to her daughters. If, for instance, the hybrids 
from a father with the agent come from the first three litters, where no 
transmission can be demonstrated, there will be no difference demonstrable 
between the percentage of tumors in these animals and that in hybrids from 
a father without the agent. If, on the other hand, the group of hybrids 
includes those from later litters in which transmission has occurred, a 
difference in tumor percentage can be expected.” 

In our material we have assumed that some noncancerous C mothers did 
not become infected with the agent because of the absence of mammary 
cancer in their progeny. In order to state definitely that these females 
were not infected, it would be necessary to observe the offspring born in the 
last litters. In two specific instances, C females died noncancerous at 
861 and 948 days, after having 10 and 9 litters sired by a Z male. Mam- 
mary tumors occurred in the offspring born in these last litters, yet the 
progeny born to each female in their seventh litters remained free of 
tumors. Details such as these will influence the percentage of females in 
various groups which become “‘infected,’’ and, in some cases, they are 
difficult either to control or to analyze because of inadequate data. 

Other tests include the mating of CZbF, (C0XZb@) females with Z 
males, and here it was found that while fewer (20 percent) of the CZbF, 
hybrids developed mammary tumors than in the C maternal stock (55 
percent), 5 of the 10 CZbF, females became infected with the agent but 
died noncancerous. Also, the same incidences of mammary tumors were 
observed among the progeny of cancerous and infected noncancerous F, 
mothers, but the ZBC hybrids with infected CZbF, maternal parents de- 
veloped their tumors later than did the CZF, progeny born to infected C 
mothers (table 2). In the 2 groups, the difference between the average 
cancer ages was about 3 months. 

Other data suggested that the C females became infected from the Z 
males at a younger age than did the CZbF, hybrids, but here again perhaps 
an adequate number of animals was not observed. In only one case was a 
CZbF, female infected when her third litter was born. Two were infected 
when their fifth litters were born, and four between their sixth and eighth 
litters. The two cancerous CZbF, females were infected after their fifth 
and seventh litters. Of the 10 cancerous C females, all were infected by 


the time their sixth litters were born, and 3 by the time their third litters 
had been cast. 


Thus, it appeared likely that while the CZbF, females became infected 
with the MTA later in life than the C females, as many of the F, females 
became infected from the Z males, but a smaller proportion developed mam- 
mary cancer. It could be that the sensitivity of females to male infection 
with the agent. may result from factors different from those which may 
control the development of mammary cancer, especially in older mice (20). 

In the F, hybrids derived by crossing C females with the C3H/AnBi 
males, the incidence of mammary cancer in breeders was higher among the 
progeny of noncancerous (44 percent) than cancerous (29 percent) C 
mothers, and the progeny born in the first two litters showed an incidence 
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similar to that of the entire group. This incidence of 42 percent was in- 
creased to 51 percent when noncancerous F, females that died before the 
average cancer age are not included. 

In this investigation, based upon the incidence and cancer age in the 
hybrids, no evidence was obtained that any C female became infected with 
the agent when mated with C3H/AnBi males. 

In no case did the agent-free females of the JK stock give rise to 
mammary cancer when they were mated with males of the two cancerous 
sublines of the C3H stock, but two of the JK females became infected 
with the agent after being housed with Z(C3H) males. After infection, 
73 percent of the JKZF, progeny born to these two JK females had 
mammary cancer, compared with an incidence of 3 percent for the JKZF, 
hybrids born to noninfected JK mothers. In these 2 groups, the 
average cancer ages were 320 and 349 days, respectively. 

Some years ago Strong (62) observed an incidence of 71 percent, with 
an average cancer age of 476 days, among the F,; hybrids produced by 
mating JK females with males of Strong’s cancerous C3H stock. Since 
the results for the hybrids born to the infected JK females in our study 
are similar to Strong’s observations, the data may have the same inter- 
pretation. 

Following biological assay, the MTA could be recovered from three 
spontaneous mammary tumors in C females, which developed after they 
had been mated with either Z or A males of cancerous lines, from four 
CZF, tumors, and other tumors from CZaF,, CZbF,-ZBC, and JKZF, 
hybrids. One C tumor did not appear until after the female was 20 
months of age. However, the agent could not be found in a CZbF, 
tumor or when the donor was descended from an agent-free Zb male 
(table 5). 

One tumor was from a CZF, hybrid which had been maintained as a 
nonbreeder, and the percentage of test animals which gave rise to 
mammary cancer following the administration of extracts of this tumor 
indicated that the MTA was as active as from other tumors taken from 
young breeding females. The tumor recorded in a CZF, hybrid at 179 
days of age (table 5) was from a female born in the eighth litter to a C 
mother which died noncancerous at 663 days of age, after bearing 9 
litters (table 2). Nine progeny born in the sixth and seventh litters died 
noncancerous, yet the agent from the cancerous hybrid of the eighth 
litter produced approximately the same results in test animals as did 
“more concentrated” extracts of other tumors. 

Eight additional mammary tumors from C2? XxX C3H/AnBid’ F, 
females and another from a JK9 « C3H/AnBico’ F; hybrid also were 
tested, but in no experiment could the MTA be demonstrated (table 5). 
These females had been used as breeders and had an average of seven 
litters. 


The mean incidence of mammary tumors in experiments where tumors 
from C females were tested was 68 percent, for the CZF, tumors it was 
80 percent, and it was equally as high for 2 tumors from other Z stock 
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hybrids (table 5). Approximately 600 mice were used for these assays. 
However, the mean tumor incidence for the mice which received extracts of 
the CZbF, tumor was 2 percent, and not significantly higher when the 
JK X C3H/AnBi F,; and C X C3H/AnBi F, tumors were used. 

At this time the only known test for the MTA is biological assay, and 
it is problematical how data such as these (table 5) would give support 
to any hypothesis suggesting that there might be an increase in either the 
concentration and/or activity of the MTA transferred to members of later 
litters, especially following male transmission of the agent. Also, 
observations have been presented that the hybrids born in the first litters 
after C mothers became infected showed the same incidence of spon- 
taneous mammary cancer and average cancer age as did the mice born in 
later litters to the same infected C mothers. Similar data have been 
reported by Heston and Deringer (33) for their C3Hb stock, and presented 
above for the C2 x C3H/AnBic’ F, hybrids, or for animals where the 
MTA could not be demonstrated. 

Although the agent was first described in 1936 (12), not until recently 
(3, 4, 19, 20, 25, 29, 30, 37) was it definitely established that males of 
cancerous strains could transfer the MTA and infect females of either 
agent-free susceptible or relatively nonsusceptible stocks. The theory 
suggesting that three causative factors usually interacted in the genesis of 
mammary cancer was advanced following reciprocal crosses between mice 
of the cancerous A and low cancerous B(C57BL) stocks (13-15), and 
observation on several hundred hybrids of the BAF, to BAF; generations 
failed to show that any female possessed the MTA because of male trans- 
mission. Supporting data for females of the first generation have been 
cited by Dmochowski (29). Other observations (20, 25) demonstrate a 
difference in the sensitivity of agent-free females of different stocks to 
become infected by this route, and also a variation in the ability of males 
of cancerous stocks to infect females, of either the same or different 
strains. Thus, a given interpretation may be applicable only to the data 
under consideration, and not to any other observations, until it has been 
verified under controlled conditions. 

In other experiments, Foulds (30) and Dmochowski (29) investigated 
the development of mammary cancer in hybrids obtained by crossing 
females of the C57BL stock with males of the cancerous RIII strain, and 
lines were continued for at least seven generations. In both studies, the 
development of mammary cancer in some (C57BL2 & RIII*)F, females 
was explained as due to transmission of the agent by males of the cancerous 
stock, since fewer tumors were found when agent-free RIII males were 
used (30). In addition, families with high and low incidences of mammary 
cancer were observed. In the pedigree charts presented by Dmochowski 
(29), it was possible to select certain lines, representing animals of the F, 
to F; generations, where the incidence in forced breeders might be either 
22 percent or 67 percent; in another family the incidences for F, to F, 
hybrids, descended from F; sisters, were 0 percent and 81 percent. Such 
data might be expected by random segregation in any hybrid population 
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of the F, to F; generations derived by mating animals of inbred strains, 
one susceptible for the development of spontaneous mammary cancer and 
the other relatively resistant (63); where the presence of the MTA would 
be dependent upon erratic transmission by the males of the cancerous 
stock (30); and when mice of the resistant strain have been shown to 
propagate the MTA (63). 

The F, hybrids were selected by taking two progeny born in the fourth 
or later litters to each C57BL female. As a rule, the hybrid females of the 
first three generations belonged to later litters than did those of the 
following generations, and the majority were continued as forced breeders 
(29). It was suggested that this selection would increase the activity of 
the agent, should one be present (29); also, by using hybrids of the fourth 
and later litters one would increase the possibility of male transmission 
of the agent (20, 37), in any cross between agent-free females and agent- 
containing males. No significant difference was observed between the 
incidences of mammary cancer in females maintained either as forced 
breeders or normal breeders (29), supporting analogous observations 
obtained for females of cancerous inbred stocks (18). 

According to Dmochowski (29), his C57BL stock was descended from 
three litters obtained from the colony of the Imperial Cancer Research 
Fund, and in such an inbred stock all animals would have the same 
genetic constitution. It was reported in 1954 (63) that mammary tumors 
which developed in C57BL mice descended from one of these litters 
contained the MTA, although they had never been fostered by females 
of a cancerous stock. Perhaps the females of this C57BL stock might 
also be quite sensitive to male transmission of the MTA, and once the 
agent had been transferred by the males of the cancerous RIII stock, the 
data obtained for C57BL mice (63) would suggest that even nonsusceptible 
C57BL X RIII hybrids would propagate and transfer the MTA. It was 
probable that Foulds (30) used mice from the same C57BL stock for his 
experiment when he mated animals of the C57BL and RIII stocks, since 
he was at the same laboratory. 

Dmochowski (29) initiated his study in an effort to determine the 
respective roles of the three primary causes of mammary cancer in mice 
(13, 14), but in order to do this it would be necessary to interpret his 
observations which follow: ‘‘Within the framework of individual differ- 
ences in the genetic make-up and/or quantities of the agent obtained, 
inbreeding combined with hormonal stimulation also exerts its influence. 
Thus, we have the situation, encountered in the present experiment, that 
under the same experimental conditions some hybrid females develop 
mammary cancer and others (even their litter mates) do not show breast 
cancer; some of the tumourous females do and others do not reveal the 
agent; some of the progeny of the cancerous hybrid females may develop 
mammary tumours which again may or may not reveal the agent, and 
other progeny of some cancerous females do not develop tumours; the 
progeny of non-cancerous hybrid females may develop tumours which 
contain the agent .. . ” and that “ . . . some hybrids appeared to har- 
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bour the agent before and after tumour development, some only after, 
and others only before the development of breast cancer.’’ (29). 

In discussing observations reported by Miihlbock (37) and the author 
(20), Dmochowski (29) wrote: ‘‘While on one hand these observations 
may be interpreted as a result of hormonal factors, on the other hand they 
have been interpreted (Bittner, 1952a; Miihlbock, 1952) as the result of 
a gradual increase of the agent during its long latent period, or as an 
outcome of repeated matings to agent-containing males leading to the 
transmission of the agent to females.” 

“Thus increased hormonal stimulation may be responsible for an increase 
in tumour incidence in hybrids, especially those from agent-free male 
parents, but is not always separable from that of the tumour agent or of 
genetic constitution.” 

In the material considered for the development of mammary tumors 
in these hybrids (20, 37, and table 5), it would appear that adequate 
evidence was presented for the activity of the MTA as one of the causative 
factors. These included, in one case, the concentration of tumorous 
animals in certain litters with a high incidence (93 percent) and an early 
average age (315 days), and, in others, the demonstration of the MTA 
by biological assay, even in tumors which developed in virgin females. 
Thus, a different interpretation does not seem to be necessary that these 
tumors were dependent primarily upon hormonal factors, perhaps in 
the absence of the MTA, and we did not suggest a gradual increase in 
the agent during its long latent period, as was implied (29). 

To explain the sudden appearance of the MTA in agent-free females of 
inbred stocks or their hybrids observed by others (18, 20, 24), Dmochowski 
(29) stated that it was his opinion that “ . . . these observations of a 
sudden appearance of the agent may only show the length of time during 
which the agent may lie dormant or the time required before the agent, 
originally present in small amounts, increases in quantity sufficient to 
induce breast cancer in combination with other known and unknown fac- 
tors.” One example (20) was cited (29) where “ . . . susceptible mice of 
another strain (C3Hb) which remained free of the agent for sixteen gen- 
erations following foster nursing before the appearance of breast cancer in 
one of the females, which then gave rise to progeny with a high incidence 
of mammary tumours.” In this case, a mammary tumor was observed 
in a female of our fostered C3H or Zb stock, a member of the 17th genera- 
tion since the line was fostered (20). As shown in the pedigree chart, 
progeny of the cancerous female were not observed, but three sisters of the 
cancerous female and their nine progeny remained free of cancer. The 
tumor was assayed and, since mammary cancer developed in over 85 per- 

cent of the test animals which received extracts, it was assumed that the 
tumor contained the MTA. In the summary (20) it was stated, ‘Other 


observations are cited where the agent ‘appeared’ in the progeny born of 
parents neither of which possessed the agent.” 


Dmochowski (63) recently has reported that 14 percent of the breeding 
females of one line of the C57BL stock developed mammary cancer at an 
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average age of 16 months. Although mice of this line had not been 
fostered by females of any cancerous strain, biological tests revealed that 
these mammary tumors possessed the mammary tumor agent. Conse- 
quently, if we accept the hypothesis suggested above (29), mice of a 
relatively nonsusceptible strain would also possess a dormant agent (63), 
yet as soon as the agent increased in quantity and the animals developed 
mammary cancer, the presence of the agent could be demonstrated by 
biological assay in tumors from both susceptible (20) and resistant (63) 
animals, and the test was sensitive when 107* gm. equivalent of tissue 
was employed. If the biological test has been shown to be adequate to 
demonstrate the MTA under these conditions, in other instances where 
an agent may not be recovered one might question what the etiologic 
causes of these mammary tumors may be. 

Supporting the conclusions of Dunn (7-11,61), greater variation was 
found among the mammary tumors which developed in mice where the 
agent could not be demonstrated; yet the histology of the tumors did not 
indicate the presence or absence of the MTA. Or as stated by Dmo- 
chowski (29), there was “‘. .. alack of correlation between any microscopical 
appearance of breast cancer and the presence or absence of the agent.” 
Perhaps the situation may best be summarized by a quotation by Heston 
(32): “The mammary tumor disease in mice can no longer be looked upon 
as a virus disease, such as smallpox, in which the individual gets the 
disease only when he gets the virus. It must be considered as a disease 
the frequency of which can be greatly enhanced by the introduction of a 
virus, but which may also occur in indistinguishable form in the absence 
of the virus. The same situation may prevail in man even if a virus is 
identified in the etiology of human cancer.” 

Heston and Deringer (33) made a reciprocal cross between mice of their 
fostered C3H subline and the C57BL strain and found mammary cancer 
in 8 percent of the F, hybrids with C3Hb mothers and in 7 percent of 
those with C57 mothers, at cancer ages of 25 and 22 months. Such 
incidences were to be expected, according to the authors “‘... when there are 
multiple genetic factors involved, one or more of which are dominant and 
one or more recessive, or one or more of which show no dominance.” (33). 

A summary has been presented in table 6 of the observations secured 
in these studies, giving only the incidences and average cancer ages. Not 
included are the data for the progeny of mothers that became infected 
with the MTA from males but failed to become cancerous, for these re- 
sults (table 3) are similar to those from infected mothers that developed 
cancer. 


A survey of table 6 shows that no hypothesis will account for the results 
observed for the various crosses. 

Thirty-eight percent of the breeding females of one subline of agent- 
free C3H mice will develop mammary cancer (31, 33, 36), and incidences 
equally as high have been found in the hybrids of the C  C3H/An (or 
C3H/AnBi) cross (3, 4, 6-11, table 4). Thus, data show that mammary 
cancer will develop in a considerable proportion of the animals of some 
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TABLE 6.— Summary of cancer data in the various groups of hybrids, giving only inci- 
dences and average cancer ages, for the progeny of cancerous-infected and noncancerous- 
noninfected mothers, except for the JK X Z cross (see text) 
































Observations for cancer in F; progeny 
Before infection After infection 
Females X Males 
Average Average 
Percent | age (in | Percent | age (in 
days) days) 
Cancerous C We, TN sds: o em xaraterd 6 633 95 249 
Noninfected C i  - eee 4 621 — 
Infected JK _e  -  Seeee 0 _ 73 320 
Noninfected JK ee 3 349 — 
Cancerous CZbF,; X Z(C3H)............. 9 546 100 311 
Noninfected CZbF; X Z(C3H)............. 7 416 os 
Cancerous C WOVEN ova cee care eed 7 455 100 282 
Noninfected C pe RIGS ae ee ule uoe 4 714 —_ 
Noninfected C 5S Rh ee Lae age 5 593 — 4 
Cancerous C “% COM/AaM... ......0. 29 441 os 
Noninfected C  COMm/s/Aatl............ 44 622 — 
Noninfected JK  COMsAmEE..... occ ccccs 9 563 -- 














groups where the MTA could not be demonstrated as one of the probable 
causative factors. These incidences may be compared with that re- 
ported in ANHF, hybrids, or in susceptible females which were main- 
tained as breeders and possessed the MTA. This incidence was 43 per- 
cent, and it was not increased in breeders of the backcross generation 
secured by mating ANHF, females with males of the maternal A stock, 
or with males of a cancerous stock where the incidence in breeders was 
over 80 percent (22). In another test, the ANHF, females were crossed 
with males of the Zb line, which transmitted the mammary-cancer-in- 
ducing inherited hormonal influence (21-27, 31, 32). In the offspring of 
this cross it was determined that 61 percent of those kept as virgins and 
82 percent of the breeders developed mammary cancer. The low inci- 
dence in the ANHF, animals has been interpreted as due to the “‘inhibi- 
tory” influence of the hormonal mechanism, or pattern, transmitted by 
mice of the NH stock, upon the genesis of mammary cancer. The obser- 
vations for the hybrids descended from the ANHF, females also show 
that the physiologic effects of the mammary-cancer-inducing hormonal 
pattern are dominant over any mammary-cancer-inhibitory hormonal 
mechanism (22). 

Just as new techniques and equipment must be devised to aid in future 
research programs, so strains of inbred animals must be originated and 
made available for studies on the cancer problem. Sublines within our 
inbred stocks may become an important adjunct to our present material, 
if the value of these lines can be recognized for the investigations for 
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which they may be most suitable. And, as new information comes to 
light concerning mammary cancer in mice, the characteristics of other 
inbred strains may have to be retested and re-evaluated. 


Summary 


When females of the C3H/AnBi and Z(C3H) sublines were maintained 
in the same laboratory, the primary difference in the observations for 
mammary cancer was in the time of development of the tumors (227 and 
272 days in breeders, and 346 and 386 days in virgins, respectively). 

Mammary tumors developed later in fostered Z mice and their de- 
scendants which possessed the mammary tumor agent (MTA) obtained 
from the cancerous A stock, than in unfostered Z(C3H) mice. 

Females of the C stock remained noncancerous when they were mated 
with C males and other agent-free males, including those of the fostered 
Zb line; and the CZbF, females also showed a low incidence when they were 
housed with males of the same stocks. 

When females of the C stock were mated with males of the cancerous 
C3H/AnBi or Z(C3H) sublines, mammary tumors were observed in 10 
percent and 55 percent of the C females, respectively, and two of nine C 
females had mammary cancer when Za males were employed. 

Other females of these groups, as well as two of the JK stock, became 
infected with the MTA, but died noncancerous when they were mated 
with males of the cancerous Z(C3H) stock. However no evidence was 
obtained that any became infected with the agent from males of the 
cancerous C3H/AnBi line. 

Before the C females became infected with the MTA from males of the 
cancerous Z stock, approximately 6 percent of their CZF, hybrids de- 
veloped mammary tumors at an average age of more than 600 days, but 
after the C females became infected, over 95 percent of their CZF, prog- 
eny had cancer at an earlier average age than was observed in breeders of 
the cancerous Z stock. No variation in incidence was found among the 
progeny of the infected C females, whether they died cancerous or non- 
cancerous. The MTA was recovered from several mammary tumors 
which appeared in C females and CZF, hybrids born to infected C mothers. 

Two of 10 CZbF, females had mammary cancer and 5 became 
infected with the agent when they were mated with Z males. Their 
progeny (CZbF,2 « Zo) showed incidences similar to the CZF, females 
born to C mothers, except that the mammary tumors occurred later in 
those born to infected CZbF, than C females. 


The data indicated that the CZbF, females became infected later in life 
than did the C females with the MTA from the cancerous Z males. 


When males from either the cancerous or fostered C3H/AnBi lines were 
mated with C females, similar incidences of mammary tumors were found 
in the two groups of F, hybrids, and the incidence was increased to 51 
percent by tabulating only the noncancerous hybrids which lived to the 
average cancer age, or over 600 days. The incidence was higher for the 
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hybrids (CQ « C3H/AnBic) born to noncancerous than cancerous C 
mothers, and those born in the first two litters had the same incidence as 
did others born in later litters to the same mothers. 

The MTA could not be demonstrated in the extracts of several mammary 
tumors which occurred in hybrids following crosses between either JK or 
C females and C3H/AnBi males. 

The incidence of mammary cancer for the JKZF, hybrids born to non- 
infected JK mothers was 3 percent, but 73 percent of those born to infected, 
but noncancerous, JK mothers showed mammary cancer at an average age 
of 320days. One JKF, tumor was found to possess the MTA, by biological 
assay. 

No single explanation can be suggested to account for the development 
of mammary cancer in these crosses, with their observed incidences and 
cancer ages, where males of different sublines of the inbred C3H stock were 
compared under similar conditions in the same laboratory. 

Although greater variety of type was observed among the mammary 
tumors without the MTA, some of each type were found among females 
with the agent of the various inbred stocks ard the hybrids. 

The data demonstrate that with the development of sublines within an 
inbred stock, mice of one line may be more satisfactory for certain types of 
basic research, and new facts may become known concerning the 
genesis of mammary cancer in mice. 
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Smoking Habits of 21,612 Individuals 


in Texas! 


HeEteN Kircuorr and R. H. Ricpon,’ Laboratory of 
Experimental Pathology, University of Texas Medical 
Branch, Galveston, Texas 


A statistical correlation has been established between cigarette smoking 
and death rates from coronary heart disease (1) and cancer of the lung 
(1,2). In 1953, Gilliam (3) said, “. . . there would appear to be suffi- 
cient replication of studies to warrant the belief that cigarette smokers 
are at greater risk from carcinoma of the lung than nonsmokers. Whether 
or not this means that cigarette smoking is a cause of this cancer is an 
additional problem both for laboratory experiment and for determinative 
epidemiology.” : 

Lew (4) stated in 1954 that about half the increase in the number of 
deaths from respiratory cancer in the past 25 years reflected merely the 
growth of population and the greater proportions of persons at the older 
ages and that part of the increase in the reported incidence of respiratory 
cancer reflected improved diagnosis, more complete case findings, and 
more accurate reporting. He said further that while a number of factors 
had been suggested as being implicated in this increase, data were not 
available to show how much of the rise could reasonably be attributed to 
the effect of specific factors. If the opinion of Lew (4) is correct, then 
the significance of the statistical relation of the sale of cigarettes to the 
mortality from cancer of the lung (5) will be affected. 

Berkson (6), a medical statistician, published in July of 1955 his obser- 
vations on some statistical studies made by other investigators on the 
association between smoking and lung cancer. In his conclusions he 
said, “I do not fail to appreciate the great pioneering effort which the 
statistical studies on smoking and cancer represent. . . . My thesis 
is only that it is unwarranted to conclude from them that a meaningful 
association already has been proved beyond doubt, as some writers have 
asserted and as appears to be widely accepted in the United States. 
Much less do I believe that causation has been established.’ ’ 

One must be careful in evaluating the average consumption of cigarettes 
because a marked disproportion occurs in the number of males and females 
that smoke.. Any relation between present tobacco consumption and 

1 Received for publication October 11, 1955. 
2 This is a cooperative study with the Medical College of Virginia. We wish to acknowledge the assistance 
and cooperation received from the hospital administrators and their respective staffs of the Veterans Adminis- 


tration Hospital, Houston, Texas, and the U. 8. Public Health Service Hospital and John Sealy Hospital, Gal- 
veston, Texas, and from the IBM Department of the University of Texas Medical- Branch. 
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present frequency of cancer of the lung can really mean little in this 
specific problem (7). It would seem important to know the smoking 
habits of individuals in various age groups in evaluating the relation of 
smoking to disease. Apparently only a few studies have been made on 
individuals preceding the age in which death usually occurs from coronary 
heart disease and lung cancer. Mills and Porter (8), in 1953, studied 
the smoking habits of 1,361 white males in Columbus, Ohio, and found 
that of those 20 to 29 years of age, 77 percent smoked; of those 30 to 39, 
78 percent smoked; 40 to 49, 80 percent smoked; 50 to 59, 75 percent 
smoked; 60 to 69, 65 percent smoked; 70 to 79, 43 percent smoked, and 
at 80 years of age and over only 52 percent smoked. Hammond and 
Horn (1), in 1954, found that 63.5 percent of white males between 50 and 
59 years of age smoked and 46.1 percent of those between the ages of 60 
and 69 years. 

In 1953, Doll (9) stated that some 95 percent of men and some 30 to 
50 percent of women in England would be classified as smokers. Kreyberg 
(10), in 1954, made a study of the smoking habits of male physicians 
and male industrial workers in Norway and found a wide variation. 
Cigarette smoking (pure and mixed male cigarette smokers, as shown in 
his Appendix as Table VII) was much less frequent among the workers in 
the arms factory at Kongsberg than among the other two industrial groups. 

Snegireff and Lombard (11), in 1954, obtained smoking histories from 
4,104 physicians in Massachusetts and found that 70.5 percent of those 
40 years of age and younger smoked, 67.7 percent of those between 40 
and 59 years of age smoked, and 62.5 percent of those 60 years of age and 
over smoked. The percentage of males who smoked is much less in the 
groups reported by Snegireff and Lombard (11) and Hammond and Horn 
(1) than in the group reported by Mills and Porter (8). 

In 1954, Kirchoff and Rigdon (12) reported the smoking habits of 
6,374 college students in Texas. Of the white male students 15 to 19 
years of age, 32.8 percent smoked cigarettes, and of these, 44 percent 
smoked half a pack or less daily. Of the white male students 20 to 29 
years of age, 54.2 percent smoked cigarettes, and of these, 76 percent 
smoked one pack of cigarettes or more a day. The present study was 
made to establish the smoking habits of a larger number of individuals 
in Texas. 

Methods 


Each person in the survey was interviewed by an investigator who 
obtained data referable to smoking habits only. The questionnaire was 
essentially the same as that used for the student survey (12), except for 
the IBM code and the space for the medical diagnosis. The survey was 
made between June 1952 and March 1954. Smoking histories were ob- 
tained from the following groups: 


University of Texas Medical Branch personnel.................---05: 1, 000 
John Sealy Hospital and Clinic patients....................0ceeeeees 12, 905 
nt I NN odin ioc as yn Sole aw he a ee RARE Rae 783 
A Veterans Administration hospital and a U. 8S. P. H.S. hospital....... 550 
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Actually 16,586 questionnaires were obtained, but 298 from hospital 
and clinic patients were unsatisfactory. They were either incorrectly 
filled out or the interviewer did not consider the answers, as given by the 
patient, reliable. Known psychiatric patients were not included in the 
survey. One thousand and fifty questionnaires on hospital and clinic 
patients, collected in 1953, were unintentional duplicates of those collected 
in 1952. Eliminating these and the unsatisfactory questionnaires, we had 
a total of 15,238 questionnaires which we added to the 6,374 obtained 
from college students (12), making a total of 21,612 smoking histories. 
The data on these 21,612 questionnaires were transferred to IBM cards 
for tabulation. 

The data were separated into three groups: present, past, and non- 
smokers. A present smoker is one who currently smokes or has smoked 
within the previous 11 months. A past smoker is one who has not 
smoked for a year or longer. A nonsmoker is one who has never smoked 
or has smoked only one or two cigarettes a month for less than a year, or 
an occasional cigar or pipe. The number of cigarettes smoked per day 
was grouped as follows: 


1. Less than five cigarettes 

Py I, ogg crea eG eae te eaitotanctn oreo 5-14 cigarettes 
en, Se TAA ek Cr ee Se ee eae eA Th 15-24 - 
/.. Cie ere ene ROEM. ©... 2. 2. oe. on cee cc ee cus 25-34 = 
Dy PI et ere ie bea oo nesige, ogee wate ote oes 35-44 - 
GD Te I WI I anise aes icc se ccs ceicnnesvs 45+ " 


Our questionnaire was set up to enable the interviewer to establish the 
average number of cigarettes smoked daily by the respondent and the 
number of years he has smoked. To do this, we asked if he had ever 
smoked more or less than at the present time and, if so, for how long. 
For example, John Doe smoked cigarettes for 15 years and at the time 
of the interview smoked 18 cigarettes a day and had smoked this amount 
for 15 years; however, the interviewer established that for 2 of these 15 
years he had smoked 2 packs a day. Therefore, John Doe has smoked 
18 cigarettes daily for 13 years and 40 cigarettes a day for 2 years; this 
was considered to be an average of a pack a day. 

Since an estimation of current and past smoking habits of individuals 
depends to a great extent upon their memory ability, the problem of 
memory accuracy must not be overlooked. To test this we took the 
1,050 duplicate questionnaires obtained in 1953 and compared them with 
the original questionnaires obtained in 1952.. The answers on 778 (74%) 
were considered to be the same in 1953 as those given in 1952. However, 
there was a variation on 272 questionnaires. Thirty-eight people (3.6%) 
who said they smoked cigarettes in 1952 answered “‘no” to the same ques- 
tion in 1953. All but 12 were young people who had smoked fewer than 
5 cigarettes a day for 1 to 5 years. One person told the interviewer in 
1952 that he had smoked a pack and a half of cigarettes for over 20 years, 
but in 1953 gave a “no smoking” history. Three of the discrepancies 
were “possible” errors; all were histories of men past 60 years of age, 
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who when first interviewed smoked both cigarettes and a pipe, but at 
the time of the second interview smoked only a pipe. It is possible in 
such cases that only the present smoking history would be included on 
the questionnaire. 

Forty-three (4.1%) people who stated that they were nonsmokers in 
1952 were smokers in 1953. Of these, 21 had smoked for a year or less and 
are not included in the 272 questionnaires which varied, because this is a 
reasonable difference. Of the remaining 22 people who said they had 
smoked for more than a year, 13 were cigarette smokers and 9 smoked 
either pipes or cigars. Six of the cigarette smokers had not smoked for 
many years. However, one man who said he was a nonsmoker in 1952 
told the interviewer the following year that he had smoked fewer than 5 
cigarettes a day for over 20 years. All were light smokers. 

The number of cigarettes smoked daily varied on 97 questionnaires in 
this group of duplicates. On all but 30 the difference was small, from a 
half to 1 pack of cigarettes. It is easy to see how this variation could 
occur. If at the first interview the individual said he smoked 14 ciga- 
rettes a day, he would fall into the ‘one-half pack” group; however, should 
he say 15 cigarettes a day at the second interview, he would be classified 
as a “‘pack-a-day”’ smoker 


Results 


Table 1 gives the number, sex, race, and age of these 21,612 persons. 
The percentage of present, past, and nonsmokers in the different age 
groups is given in table 2. The percentage distribution of present and 
past smokers according to sex and race is shown in text-figure 1. It is of 
interest to observe in this graph that the habit of smoking is essentially 
the same in the white and colored male and in the white and colored 
female. There is, however, a marked difference between the two sexes in 
the percentage of present smokers, as shown by this graph. The per- 


TABLE 1.—Age, sex, and race of people interviewed 






































Age group | Tries | Sonics’ | females | females | Total 
15-19 1,352 | 526 1,083 | 1,165 4, 126 
20-24 1, 746 359 $58 | 996 3, 959 
25-29 941 173 645 | 672 2, 431 
30-39 858 304 1, 068 883 3, 113 
40-49 850 351. | 891 | 618 2, 710 
50-59 865 | 348 680 | 394 2, 287 
60-69 752 330 479 | = 248 1, 809 
70+ 509 «6©| «6246 S| S808 |—s14 1,177 

All ages 7, 873 7 2,637 | 6,012 | 5, 090 21, 612 
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centage of past smokers in the group of white males and females and in 
the colored males and females is also given in text-figure 1. Approximately 
10 percent of our smokers were past smokers. 

Table 3 shows the percentage of cigarette smokers (present and past) in 
the white male patients at John Sealy Hospital and Clinic and also the 
percentage of the cigarette smokers in the past-cigarette-smoker category 
at the time of this survey. Only 11.3 percent of these cigarette smokers 
in the age group 50 to 59 have stopped smoking cigarettes, while 24.6 
percent of the cigarette smokers in the 70+ age group are now listed as 
past cigarette smokers. 

Table 4 shows the number and percentage of present male smokers and 
the percentage smoking cigarettes, pipes and/or cigars. In this table no 
attempt was made to determine “only” cigarette, pipe, or cigar smokers 
since we were primarily interested in those who smoke cigarettes. It is 
of interest, however, to know that 19.0 percent of the white male cigarette 
smokers also smoke either pipes or cigars and 1.2 percent smoke all three. 
Of the colored male cigarette smokers, 11.3 percent smoke pipes or cigars 
and 2.2 percent all 3. The percentage of present colored male smokers is 
higher between 15 and 40 years of age than that of the white male. After 
the age of 40 there is less difference in the percentage of present smokers 
in these two groups, as shown in table 4. Of all males 15 years of age and 
over, 57.3 percent of the colored and 57.2 percent of the white are present 
cigarette smokers. In view of the variation in the smoking habits of 





70 21,612 PERSONS PRESENT = SMOKERS 
W.M ke ——x 
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Text-FIGURE 1.—The percentage distribution of present and past smokers according 
to sex and race, 
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individuals at different ages, it is necessary to know the percentage of 
smokers in specific age groups when any correlations are made. Between 
the ages of 60 and 69 only 58.8 percent of the white males smoke cigarettes, 
while 74.7 percent smoke cigarettes between the ages of 40 and 49. Cigar 
smoking is more frequent in the colored male after 30 years of age than it 
is in the white male. 

Table 5 shows the number and percentage of present female smokers 
and the percentage smoking cigarettes. Only 9 white and 38 colored women 
in the group of 3,648 females smoked pipes and/or cigars; they were not 
included in this table. Approximately half as many females smoke as 
males. 

The percentage distribution of 9,637 present cigarette smokers according 
to quantity smoked is shown in table 6. There is a wide variation in the 
average number of cigarettes smoked both in the age groups and by the 
different sexes. Of the present white male cigarette smokers, 25.7 per- 
cent smoke less than 1 pack of cigarettes per day, while 49.0 percent of the 

TABLE 3.—Number of white males interviewed at John Sealy Hospital and Clinic 


Percentage of cigarette smokers (present and past) 
Percentage of cigarette smokers who are now past cigarette smokers 

















l l Past 
| : Present and past | _. 
| Nu A ge 
Age group | on — q | cigarette smokers —, 
ae (percent) | (percent) 
15-19 206 40. 3 | 3. 6 
20-24 144 71.5 4.9 
25-29 181 75. 7 5. 8 
30-39 451 85. 4 | 10.4 
40-49 677 2.7 | 9.3 
50-59 704 79. 5 11.3 
60-69 655 71.9 18. 3 
70+ 492 47.2 | 24.6 
1 | 12. 4 


All ages | 3, 510 72. 





TaBLE 4.—Number of present male smokers in group of 21,612 individuals according 
to sex and race and percentage of those smoking cigarettes, pipes and/or cigars 















































White males Colored males 

Present Ciga- | p:..., | Ciearc Present Ciga- | en | latte 

Age group smokers rettes Pipes | Cigars smokers _| rettes | oe Cm 

Num-| Per- | Per- | Per- | Per- | Num-| Per- Per- | Per- | Per- 

ber cent | cent |} cent | cent ber cent | cent | cent cent 
15-19 497 | 36.8 | 34.2 7.5 5.9 252 | 47.9 | 47.1 2. § oe 
20-24 1,007 | 57.7 | 53.3 | 12.6 | 10.3 219 | 61.0 | 59.6 31 3.3 
25-29 663 | 70.5 | 65.6 | 12.4 | 10.6 135.| 78.0 | 75.1 6. 4 §. 2 
30-39 667 | 77.7 | 72.8 9.2] 10.8 248 | 81.6 | 747 6. 6 12.8 
40-49 673 | 79.2 | 74.7 5.1 6.3 272 | 77.5 | 66.4 4.8 15. 7 
50-59 680 | 78.6 | 71.0 7.3 8.9 256 | 73.6 | 59.2 9.8 17.8 
60-69 502 | 66.7 | 58.8 8.8 : 230 | 69.7 | 53.6 | 16.7 14. 2 
70+ 283 | 55.6 | 36.1 | 187 | 11.4 137 | 55.7 | 29.7 | 26.0 14. 6 
All ages 4,972 | 63.1 | 57.3 10. 0 | 8.8 1, 749 | 66.3 | 57.2 | 85] 10.1 
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TABLE 5.—Number of present female smokers in group of 21,612 individuals according 
to sex and race and percentage of those smoking cigarettes* 




















White females Colored females 
Age group Present smokers Cigarettes Present smokers Cigarettes 
Number Percent Percent Number | Percent Percent 

15-19 213 | 19.7 19.7 259 | 222 22. 2 
20-24 369 43. 0 43. 0 396 | 39. 8 39. 7 
25-29 331 51.3 51.3 295 43. 9 43. 8 
30-39 491 46. 0 46. 0 360 40.8 40.8 
40-49 332 | 37.3 37.3 is9_ 6| «(30.6 30. 1 
50-59 171 25. 1 25. 1 87 22. 1 20. 6 
60-69 71 | 4.8 14. 6 44 Cy A 13.3 
70+ 29 9. 4 8.8 ll 9. 6 5.3 

All ages 2, 007 33. 4 | 33.3 1,641 | 322 31.7 














*Nine white females and 38 colored females smoke pipes and/or cigars. 


present colored male cigarette smokers smoke less than 1 pack per day. 
Of the white males, 21.5 percent smoke more than 1 pack per day, but 
only 8.0 percent of the colored’males smoke this amount. The percentage 
of white males (52.8%) smoking 1 pack daily is higher than tbat of the 
colored males (43.0%). The relative frequency in the number of cigarettes 
smoked by the white and colored female is similar to that observed in 
the male. 

Text-figures 2 and 3 show the percentage distribution of cigarette 
smokers according to quantity smoked. These graphs show that the male 
is a much heavier cigarette smoker than the female and that the white 
male smokes more cigarettes than the colored male. The average number 
of cigarettes smoked by the white and the colored male and the white and 
the colored female is relatively constant between the ages of 30 and 60 
years. 

The percentage distribution of the present cigarette smokers according 
to the number of years they have smoked is shown in table 7. Of the 
cigarette smokers, 46.0 percent of the white males and 48.6 percent of the 
colored males have smoked cigarettes for 16 years or longer. Of the 
female cigarette smokers, 39.7 percent of the white and 55.8 percent of the 
colored have smoked for 5 years or less. It is of interest to note the high 
percentage of male cigarette smokers 40 years of age and over who have 
smoked cigarettes for 16 years or longer. With this high percentage of 
smokers who have been smoking cigarettes for 16 years or longer, one 
might expect a correlation between smoking and many diseases that 
characteristically occur in men of this age. 

The length of time and the number of cigarettes smoked daily by the 
9,637 present cigarette smokers is shown in table 8. Of the white males 
who smoke cigarettes, 24.1 percent have smoked 1 pack per day for 16 
years or longer; 6.7 percent have smoked 1% packs, and 5.5 percent have 
smoked 2 packs or more for 16 years or longer. The majority of the 
white males who have smoked cigarettes for this length of time have 
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TEXT-FIGURE 2.—The percentage distribution of white and colored male cigarette 
smokers according to the quantity smoked. 


smoked an average of 1 pack a day. Of the white male cigarette smokers, 
11.4 percent have smoked % pack and 14.0 percent 1 pack for 5 years or 
less. It is of considerable interest to observe the length of time that 
females have smoked and the number of cigarettes as compared with the 
males in this study. Of the white female cigarette smokers, 29.5 percent 
have smoked 1 pack for 15 years or less; the corresponding figure for the 
white male is 28.7 percent. However, 24.1 percent of the white male 
cigarette smokers have smoked a pack a day for 16 years or longer, while 
11.9 percent of the white female cigarette smokers have smoked a pack a 
day during the same interval. 
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TEXT-FIGURE 3.—The percentage distribution of white and colored female cigarette 
smokers according to the quantity smoked. 





Table 9 gives the number of males and females in the different age 
groups who have smoked a pack of cigarettes or more per day. It also 
shows the percentage distribution of these smokers according to the num- 
ber of years that they have smoked this amount. It is very interesting to 
note the variations in the smoking habits of the males and females in this 
table. Only a small percentage of individuals 40 years of age and over 
have smoked for any period less than 15 years. Note that 74.5 percent 
of the males 40 to 49 years of age have smoked a pack or more daily for 
16 years or longer. Observe that after 40 years of age the percentage of 
female cigarette smokers who have smoked for 15 years or less is always 
greater than that of the males in corresponding age groups. 
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TABLE 8.—Numerical and percentage distribution of 9,637 present cigarette smokers ac- 
cording to number of years and quantity smoked daily, by race and sex 


















































. White | Colored | White Colored 
Member of Number of males males females females 
cigarettes ea . » | oo . 
smoked Num-| Per- Num-| Per- | Num-!| Per- | Num-} Per- 
ber | cent | ber | cent | ber | cent | ber | cent 
5 or less 516 | 11.4 337 | 22.3 506 | 25.3 743 46. 0 
% Pack 6-10 145 3. 2 84 5. 6 202 | 10.1 208 12.9 
11-15 59 1.3 62 4.1 113 5. 6 90 5. 6 
16 or more 440 9. 7 255 | 16.9 176 8.8 132 8. 2 
5 or less 631 | 14.0 87 5. 8 254 | 12.7 147 9.1 
1 Pack 6-10 438 9. 7 87 5. 8 227 | 11.3 99 6. 1 
11-15 225 5.0 77 5.1 111 5. 5 61 3. 8 
16 or more /|1,086 | 241 398 | 26, 4 239 | 11.9 97 6.0 
5orles | 120] 27 9/ 06] 22] 11 5| 03 
1% Packs 6-10 123 2.7 10 0. 7 26 is 5 0. 3 
11-15 63 1.4 9 0. 6 27 1.4 4 0.3 
16 or more 300 6. 7 48 3. 2 43 2.1 7 0. 4 
5 or less 31 0. 7 6 0. 4 14 0. 7 5 0.3 
2 Packs or | 6-10 47 1.0 2 0.1 15 0.8 7 0. 4 
more 11-15 39 0.9 6 0. 4 7 0.3 3 0. 2 
| 16 or more 248 5. § 31 2.0 22 3 1 | 0.1 
Total See |100. 0 |1, 508 |100. 0 |2, 004 /100. 0 1, 614 100. 0 
| | | | | } 





Table 10 gives the number of patients interviewed in the John Sealy 
Hospital and Clinic, a Veterans Administration hospital, and a United 
States Public Health Service hospital, and a group of nonhospitalized 
individuals; it also shows the percentage that are present cigarette 
smokers. There is a higher percentage of smokers in the hospital and 
clinic group than the nonhospital group in the case of males, but not in 
the case of females. Among the patients at the John Sealy Hospital and 
Clinic there are 57.9 percent of present cigarette smokers in the colored 
male group, as compared with 53.3 percent in the same category in the 
nonhospitalized group. Since the data from John Sealy Hospital and 
Clinic combine hospital and clinic patients, we do not think we should 
compare the smoking habits of patients from this institution with those of 
patients in the other two hospitals. However, this table does emphasize 
the variation in the smoking habits in three different groups of people. 

Table 11 shows the number of cigarettes smoked by the white male 
patients in the John Sealy Hospital and Clinic and the number smoked by 
the white male patients in the other two hospitals. The patients in the 
latter group were heavier smokers than those in the John Sealy Hospital 
and Clinic, as shown in this table. 


Discussion 


The smoking habits of 21,612 individuals in Texas, 15 years of age 
and over, have been obtained. This study includes hospitalized and 
nonhospitalized persons. Of the total number in this survey, 48 percent 
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TaBLeE 10.—Number interviewed and percentage of present cigarette smokers in 3 groups, 
by age, race, and sex 



























































No. interviewed Percent present cigarette smokers 
Age group White | Colored! White | Colored White |Colored| White | Colored 
males | males | females | females males | males |females | females 
Patients of John Sealy Hospital and Clinic 
| | 
15-19 206 99 | 262 351 38.8 | 47.5] 27.9] 21.4 
20-24 144| 69! 485 | 576 | 681| 69.6| 41.6] 387 
25-29 181 94 483 | 562 71.3 79. 8 50. 9 43. 2 
30-39 451 | 217 | 891 | 731 76. 5 73. 3 46. 4 41.0 
40-49 677 | 295 | 785 | 552 75.0 67.8 36. 4 29. 7 
50-59 704 | 301 | 632 | 357 70. 1 59. 8 24.8 21.6 
60-69 655 | 299 | 461 233 58. 8 51.8 15. 2 13. 3 
70+ 492 | 242) 306] 112] 35.6] 297) 88] 54 
All ages 3, 510 | 1, 616 | 4, 5 | 3, 474 63. 2 | 57.9 | 34.2 | 32. 2 
| | 
Patients of Veterans and U.S. P. H. Service Hospitals 
| 
15-19 2 | 1 | 0 0} 100.0 | 100.0 —_ — 
20-24 29 | 4 | 1 0} 82.8] 100.0} 100.0 
25-29 48 | 12 | 1 | 1 85. 4 | 100.0 — — 
30-39 112} 22] 6 | 2] 848] 929] 333] — 
40-49 78 | 13 | 0 | 0 92. 3 76.9 — —_— 
50-59 110 | 22 | 0 | 0 81.8 68. 2 — _— 
60-69 54 | 19 E | 0 64. 8 78.9 — —_ 
70+ 11 | 0 | 1 0} 72.7 — —_— — 
All ages 444; 93| 10) 3| 82.7 | 82.8 | 30.0 | oe 
Nonhospitalized Group 
15-19 1,144 | 426{ 821 814] 33.3 | 46.9 | 17.1 22. 6 
20-24 1, 573 | 286 | 372 | 420 51. 4 56. 6 44.6 41.0 
25-29 712 | 67 | 161 | 109 62. 8 64. 2 52. 8 | 46. 8 
30-39 295| 65/| 171| 150] 627]! 73.8] 444) 400 
40-49 95 43 | 106 | 66 57.9 53. 5 43. 4 | 33. 3 
50-59 51 | 25 | 48 | 37 52. 9 44.0 29.2] 10.8 
60-69 43 | 12 | 17 | 15 51. 2 58. 3 | — | 13.3 
70+ 6 | 4 1 | 2 a7) Ser -i-> 
All ages 3, 919 | 928 | 1, 697 | 1,613 | 49.2) 53.3 | 31.1 | 30.7 
| 














are present smokers. The frequency of smoking in this group of Texans, 
between 1952 and 1954, is a little higher than that found by Mills and 
Porter (8) in 1953 in a survey made in Ohio. The percentage of present 
male smokers in this study is much higher than that observed by Ham- 
mond and Horn (1) and Snegireff and Lombard (11) in 1954. Observa- 
tions, as made in this study, indicate the necessity of establishing the 
smoking habits of homogeneous groups for comparison. 

The white male smokes more cigarettes than the colored male, but the 
percentage of smokers in the two groups is approximately the same. 
One pack a day seems to be the average number consumed by a male 
cigarette smoker. Of the white male cigarette smokers, 5.5 percent 
have smoked 2 packs or more daily for 16 years or longer. Seventy-two 
percent of the males 40 to 49 years of age are present cigarette smokers; 
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TaBLeE 11.—Number of present cigarette smokers among white male hospital patients 
and their percentage distribution according to quantity smoked 





Average number of cigarettes smoked daily 




















a - Number of | 
ge group ospital*| present Zeus than Move than 
| smokers | 1 pack 1 Pack 1 pack 
(percent) (percent) | (percent) 
15-19 1 80 60. 0 35.0 5.0 
2 2 100. 0 
20-24 1 98 27. 5 53. 1 19. 4 
2 24 25. 0 41.7 33. 3 
25-29 1 129 24. 8 52.7 22. 5 
2 41 21.9 §3. 7 24.4 
30-39 1 345 23. 8 49. 3 26. 9 
2 95 8.4 57.9 33. 7 
40-49 1 508 15.9 §7. 3 26. 8 
2 72 8.3 43.1 48. 6 
50-59 1 497 20. 9 §2. 5 26. 6 
2 90 12.2 58. 9 28. 9 
60-69 1 385 33. 5 46. 5 20. 0 
2 35 22. 8 | 543 | 229 
70+ 1 175 44.6 | 428 | 12. 6 
2 8 12. 5 | 50. 0 37. § 
All ages 1 2,217 | 262 50. 7 23. 1 
2 367 13.3 52. 9 33. 8 














*1=John Sealy Hospital and Clinic; 2=U.S.P.H.S, and V.A. Hospitals. 


of this group, 79 percent smoke a pack or more daily and 74.5 percent 
have smoked for 16 years or longer. 

Snegireff and Lombard (11), in 1954, noted that 15.1 percent of the 
physicians in their study had changed their smoking habits as a result 
of the recent lung-cancer publicity. It is not likely that this factor 
entered significantly into our survey. It would seem that the apparent 
rapid decrease in the percentage of present female smokers after 30 
years of age may only represent the fact that the habit of smoking was 
not developed at an earlier age. If this explanation is correct, similar 
surveys in the future will show a different frequency distribution in the 
smoking habits of the female than that found in the present study. 

These data (text-fig. 3) on the female were studied to see whether the 
smoking habits were influenced in any way by the stresses that may 
accompany the menopause. No relationship, however, was observed. 
A decrease in the percentage of cigarette smokers (table 4) and the num- 
ber smoked (text-fig. 2) occurs in both the white and colored males after 
60 years of age. The reason for this decrease is not known. These older 
men may be under less stress while working than those in the younger 
age groups. Part of this decrease in cigarette smoking by the older males 
may only indicate that these men did not develop the habit at an earlier 
age. The percentage of pipe and cigar smokers is higher after 60 years 
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of age in both the white and the colored males (table 4). Activity at 
the older age levels may be more consistent with the smoking of pipes 
and cigars than cigarettes. An economic factor may also be significant; 
pipe smoking may be much less expensive than cigarette smoking. 

A variation in the smoking habits of urban and rural people has been 
noted in America (1) and in England (9). This factor has been con- 
sidered significant because cancer of the lung has been reported less 
frequently from rural areas both in this country and abroad (7). There 
has been a rapid shift in population from rural to urban areas in Texas 
since 1941, which would make this factor difficult to evaluate in this 
study. We believe the length of time an individual has lived in a specific 
region (rural or urban) is more important than where he may be abiding 
at the specific time a smoking survey is made. 

In any study of the relation between smoking and disease, we do not 
consider it wise to convert pipe and cigar smokers into “cigarette smokers.” 
Sadowsky et al. (13), in their study, considered 1 cigar as the equivalent 
of 10 cigarettes and one-half can of pipe tobacco or more as the equiva- 
lent of 21 or more cigarettes. Doll and Hill (14) converted 1 cigar into 
5 cigarettes and considered 1 pipeful of tobacco equivalent to 2% cigarettes 
while establishing the data on which they concluded that the increase in 
frequency of bronchogenic cancer was the result primarily of cigarette 
smoking. 

It would seem necessary in establishing the relation of cigarette smoking 
to disease to determine the smoking habits of specific groups in different 
sections of the country, giving special attention to sex, race, age, economic 
status, occupation, and the age at which they started to smoke. A corre- 
lation of these factors then could be evaluated within specific groups to 
establish whether or not the relation between smoking and coronary 
heart disease and smoking and cancer of the lung is more than a mere 
statistical observation. The medical diagnoses in approximately 12,000 
of these individuals is now being correlated with their smoking habits, 
and the results will be reported subsequently. 


Summary 


The smoking habits of 21,612 individuals in Texas have been studied 
in an attempt to help in evaluating the relation of smoking to disease. 
No inference is made that this study establishes a base line of the smoking 
habits, even of the people of Texas. The average percentages may be 
off slightly because of the heavy weighting from the John Sealy Hospital 
and Clinic patients and the college students. A check in memory “biases” 
is included in this study, which may be a significant factor in such statis- 
tical correlations. The observed variations in the smoking habits of this 
group of individuals are discussed. 
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Failure to Observe Tolerance of Foreign 
Tumor Implants in Mice Derived from 
Transferred Ova’! 


Morris K. Barrett, Watter H. HANnsen, and 
MarGaret K. DerIncER, National Cancer Institute,” 
Bethesda, Md. 


The closely related fields of tumor immunity (1) and the immunology 
of homotransplantation (2,3) present many phenomena that are obscure, 
paradoxical, or controversial. One such phenomenon is abrogation of 
resistance to implants of foreign tissue (4). An instructive aspect of this 
was discovered by Owen (5), who reported that dizygotic bovine twins 
may be immunologic chimeras as a consequence of placental anastomoses. 
Numerous related observations have raised the phenomenon of “acquired 
tolerance” (6) of foreign cells to a position of considerable importance in 
the study of transplantation immunity. 

Several years ago, Cloudman (7) reported acquired tolerance in mice 
derived from transferred ova. His animals were descended from fertilized 
ova that had been transferred reciprocally between two inbred strains. 
Tumors derived from the ancestral strains of the foster mothers (but 
which were not strictly strain specific) were inoculated into descendants 
of transferred ova of the alternate strain. The number of successful 
grafts that occurred in mice descended from transferred ova was more 
than double that in mice descended from untransferred but genetically 
similar ova. This important observation needs confirmation, and the 
following is a brief account of an unsuccessful attempt to confirm it. 

Mice of substrain C3H, were obtained by one of the authors (M.K.D.) 
by transferring fertilized ova from strain C3H females to the uterus of 
pregnant strain C57BL mice. The resulting offspring have been inbred 
and are now in the F, generation. Four males of the parental generation 
(i.e., born from transferred ova) and 105 males and 69 females of genera- 
tions F, to F, were inoculated subcutaneously by trocar with the tumor. 
As controls, 56 males and 47 females of the ancestral C3H strain and 10 
males and 5 females of the strain C57BL were also inoculated with the 
tumor. 

The tumor arose in a C57BL female that had been inoculated with the 
mammary tumor agent and foster-nursed by strain C3H. It is a mam- 
mary adenocarcinoma of type A and has grown in all C57BL hosts 
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employed in the past 70 generations of transplants, but has not been 
transplanted to other strains. The mouse in which the tumor arose and 
those used as foster mothers for the ova have common ancestors. 

There was nothing noteworthy in the care of the animals. After 
inoculation they were inspected at weekly intervals for a period of 3 
months and were then necropsied. Failure of the tumor to grow was 
determined by macroscopic inspection of the inoculation site. 

The results were entirely negative except in the C57BL hosts, where all 
15 animals had progressively growing tumors. None of the 4 mice of the 
parental generation, none of the 174 generation F; to F, mice, and none of 
the 103 C3H control mice had a take—not even a temporary one. 

This failure to corroborate Cloudman’s report can be taken only as 
another isolated finding at the present time. Our animals and tumor 
were different from his and that may explain the difference in results. In 
particular, it should be recalled that his tumors grew in a few animals of 
the alternate ancestral strain not derived from transferred ova, and the 
differences were a matter of degree. 

The theoretical and, perhaps, practical implications of the phenomenon 
of acquired tolerance of homografts suggest that further attempts to 
confirm Cloudman may be justified. In the light of other knowledge it 
is easy to believe that the parental generation might exhibit tolerance 
and it is regrettable that we had but four animals of that generation 
available for this work. It is not so easy to believe that descendants in 
the F,; to Fy generations would be tolerant, as Cloudman reported, but if 
that is so it is quite important and deserves further study. 


Summary 


In an unsuccessful attempt to corroborate Cloudman’s observation of 
acquired tolerance of foreign tissue in mice descended from transferred 
ova, 178 strain C3H.C57BL were inoculated with a tumor of C57BL (the 
foster strain) origin. No takes were observed—not even temporarily. 
It should be noted that our materials differed from those of Cloudman. 
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Announcements 


Third National Cancer Conference 


The American Cancer Society and the National Cancer Institute of the Public 
Health Service, U.S. Department of Health, Education, and Welfare, will jointly 
sponsor the Third National Cancer Conference in Detroit, Michigan, June 4, 5, and 6. 
More than a thousand research scientists and clinicians, including many from foreign 
countries, are expected to attend. 

The opening session of the conference, in the Sheraton-Cadillac Hotel, will feature 
addresses by Dr. John R. Heller, Director of the National Cancer Institute, and Dr. 
Charles S. Cameron, Medical and Scientific Director of the American Cancer Society. 
Morning and afternoon sessions of the 3-day meeting will begin with a general session 
at which a subject of broad interest will be presented by an outstanding speaker. 
The general sessions will then break up into various symposia to discuss cancer of 
different body sites, such as lung, gastrointestinal tract, and breast. 

A Host Committee representing medical and health groups of the Detroit area, 
headed by Dr. Harry M. Nelson of the Southeastern Michigan Division, American 
Cancer Society, will arrange a public Cancer Forum for Tuesday evening, June 5, as a 
special feature of the conference. Speakers for this program will include several 
participants in the scientific programs of the Cancer Conference. 

The last National Cancer Conference was held in Cincinnati, Ohio, in 1952. 


**x* Ke 


Copies of the conference program and advance registration cards may be obtained 
from the National Cancer Conference Coordinator, American Cancer Society, 521 
West 57th Street, New York 19, New York. 

All physicians are cordially invited to attend. 


First International Human Genetics Congress 


The First International Human Genetics Congress will be held in Copenhagen, 
Denmark, August 1 to 6, 1956. This Congress is planned to cover all genetic aspects 
of normal and pathologic characters in man. Persons interested in the subject of 
human genetics and especially of medical genetics are invited to take part in the 
Congress. 

The provisional program and further information are available on request from The 
Secretariat of the First International Congress of Human Genetics, The University 
Institute for Human Genetics, 14, Tagensvej, Copenhagen, N., Denmark. 
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